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PREFACE 


Congratulations on your purchase of LCAS®, This engineering 
software has been carefully crafted to provide a valuable service 
not readily available to hardware design engineers before. 


You are probably anxious to get started using LCAS, but please 
don’t bypass reading the manual. One main purpose of this 
manual is to get you started as quickly as possible. Old hands at 


capabilities and operating procedures. The appendix on "Often 
Overlooked Features" contains many of the not-so-obvious fea- 
tures that are very useful, but often overlooked. 


You will get more out of LCAS now and in the long run by 
taking the time to read through this manual. 
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WHAT THIS PACKAGE CONTAINS 


Your new Linear Circuit Analysis and Simulation package con- 
tains the following items: 


1 User's Manual 

1 LCAS program diskette 

1 LCAS demonstration diskette 
The LCAS® program diskette is not copy protected for your 
convenience. Do not make copies of this manual or the LCAS 
program except for personal backup use. 
The demo diskette may not be sold or altered in any way. 


However, feel free to reproduce and give copies of the 
demonstration diskette to your friends and associates. 


The User Support Plan (Appendix X) gives full instructions on 


registration of this program, calling for assistance in operating 
LCAS and information on future updates. 


If you have comments or suggestions on the LCAS program or 
this manual use the comment form in the rear of this manual or 
write us a letter. We at DATUM SYSTEMS are always inter- 
ested in ways of improving our products. 


The LCAS® program and this manual are protected by 
copyright law. 
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PREFACE 


THE LAYOUT OF THIS MANUAL 


This manual has five major sections: 


1. Getting Started with LCAS - 


Includes the introduction, making backup and working copies of 
LCAS, configuration and a set of tutorial type procedures to 
familiarize you with the functions and operations in LCAS. Two 
example working sessions are used to show typical procedures. 


2. Detailed Command Reference - 


Includes the detailed procedure for operation of each of LCAS’ 
functions and commands. This section is ordered in the general 
sequence of circuit analysis, from inputting information, editing 
and manipulating components, analyzing and finally outputting 
tabular or graphic information. 


3. Detailed Component Reference - 


Lists each of the component types and variations resident in 
LCAS. Notes and examples detail component usage. 


4. Command/Menu Summary - 


Provides a short detail of all commands and key functions. 
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sg 5. Appendices - 


Includes tips and techniques, a mini-tutorial on the use of Phase 
Locked Loops, file structures, a quick start for experienced 
users, circuit examples, error messages, etc. 


The index 


Options 


Space is provided for optional programs and utilities which in- 
terface with LCAS. 
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PREFACE 


NOTATION USED IN THIS MANUAL 


Several conventions are used to describe common keystroke 
functions and operations specific to DOS and LCAS. 


The keystrokes you press to perform an action are normally 
shown on a separate line and in bold face type as in - 


/FCY 
indicating the consecutive keystrokes "(", "F", "C" and "Y’. 


When movement of a cursor (explained later) to a specific point 
is required it is shown on the same line as keystroke commands 
but in braces, as in - 


/D {Cursor down to .00x} 


Keystrokes are always shown in uppercase for consistency, but 
may actually be performed in upper or lower-case. The one ex- 
ception is the multiplier "M" where a small "m" is used to denote 
milli- and a large "M" used to denote Mega- as detailed in Part 2 
under component entry. 


When pressing the "Return", "Enter" or .J key is required, it is 
shown in text as [Return]. Some keyboards name the [Return] 
key as "Enter". 


Likewise all other named keys, such as "Esc" and "PgUp", are 
shown in text as [Esc] and [PgUp], etc. The function keys are 
shown in a similar manner as [F1], [F2], ... [F10]. 


Menu options from the display screen are shown in an enclosing 
box as in - 


Co-processor Default drive Printer Update Exit 
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Za The menu display also uses bold letters to indicate the highlight- 
9 ing on the screen display. 


Circuit Schematic Conventions 


The schematics throughout this manual use standard schematic 
conventions. One point worth mentioning is that line crossovers 
are not shown by a semi-circular crossover, and dots are rarely 
used to indicate a connection. To differentiate between cross- 
overs and connections: 


connections are shown by a 'T" type intersection and 
crossovers are shown as an "X" type intersection. 
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PART 1 - 


GETTING STARTED WITH LCAS 
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Bc eauction 


Linear circuit analysis is a powerful tool which enables a circuit 
designer to prototype, analyze, operate, and compare a circuit 
to desired performance criteria, all without building the circuit 
in hardware. LCAS builds a "software prototype" by simulating 
the circuit’s components and interconnections on your personal 
computer. An engineering analysis is then performed on these 
simulated components to yield the circuit’s magnitude, phase 
and delay response versus frequency. The analysis results can 
then be presented graphically and printed out. 


One major advantage of a computer simulated circuit is the ease 
with which the circuit’s component values and configuration can 
be changed to test performance and produce desired results. 


Early linear circuit analysis programs were based on only a few 
very basic components, such as resistors, capacitors, inductors, 


and voltage controlled current sources. These programs were 


difficult to use even by experienced engineers because more 
complex, but commonly used components, such as transistors, 
op-amps and transmission lines had to be individually built from 
these more basic parts. The whole process of editing, analyzing 
and viewing results required multiple programs. Not only was 
this process tedious and slow, it was error prone. In addition 
these early programs rarely gave graphical analysis results. 
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Part 1 - Getting Started Welcome to LCAS 


Welcome to LCAS 


LCAS goes well beyond previous linear circuit programs in 
several important respects: 


« LCAS pre-defines all the commonly used 
components within itself. 


e LCAS includes a complete integral set of file 
handling, editing, graphing and printing capabilities 
which make use of the program natural and easy. 


e Acomplete component editor makes circuit entry 
and modification easy. 


e LCAS includes unique Phase Locked Loop analysis 
capabilities. 


e An integral delay element allows analysis of 
complex functions such as transversal filters. 


e LCAS computes Group Delay and effective Noise 
Bandwidth. 


» LCAS 's highly interactive. 
» LCAS is extremely fast! 


LCAS stands for Linear Circuit Analysis and Simulation. As the 
name implies it is a program that analyzes and simulates linear 
circuits. LCAS does not work on circuits which contain non- 
linear elements. Non-linear elements are circuit components 
whose output does not follow a linear relationship with its input. 
Examples of non-linear elements are diodes and all digital 
switching circuit components. 


LCAS includes all the common linear circuit components such 
as resistors, capacitors and inductors; active transistors and op- 
amps; and special components like transformers and transmis- 
sion lines. LCAS also includes many unique elements such as a 
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VCO, phase detector and divider as integral parts of phase 
locked loop circuits. 


The inclusion of a "delay" in the divider and as an independent 
element allows a wide variety of complex and realistic simula- 
tions. Long feedback loops common in communications systems 
are easily simulated with delay, as are the varieties of digital fil- 
ters that are based on delay such as transversal filters. 


LCAS does not limit the user to only simplistic component 
definitions. Many components include special cases and 
parameter entries that allow you to simulate real world circuits. 
For instance you have the ability to define tapped inductors and 
transformers, and add "Q" factor to inductors and capacitors. 
You can even define the various transmission line elements as 
either coaxial, microstrip, balanced or even delay lines. Many of 
these transmission lines are defined by their physical dimen- 
sions. 


Very large circuits with as many as 128 components and 64 
nodes may be analyzed at one time. Circuits may also be 
analyzed individually and summed serially to yield the net result 
of the entire combination. Likewise, circuits can be analyzed 
and subtracted from each other to yield errors or relative dif- 


ferences. 


A very fast easy-to-use component editor is also provided to 
input and change components to any type, value, or configura- 
tion desired. Circuits, once created, may be saved to disk and 
used at any time for later reference. A library of circuits may be 
created and used as components, by merging those circuits into 
the circuits you are creating. 


Files are easily managed within LCAS. Circuit files created with 
LCAS can be saved, loaded, merged and erased allowing com- 
plete control of disk data. A circuit file directory is also 
provided, and includes the date and time that the files were 
created. 


LCAS supports both the monochrome and color display adap- 
ters. If only a monochrome display adapter is installed, the 
program will function normally, except that the analysis data can 
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not be graphed. Therefore, any of the graphic related functions 
such as group delay, noise power, addition and subtraction are 
not supported. If only a color graphics display adapter is in- 
stalled, then all modes of operation are supported. If both types 
of display adapters are installed, then all modes are supported 
with the added feature of having continuous graphic informa- 
tion, with menu options displayed while in graphics mode. 


LCAS optionally supports the Intel 8087/80287 math co-proces- 
sor. When installed and configured properly, the 8087 will in- 
crease the speed of analysis by approximately nine times on 
medium-sized circuits. This increase in speed is very significant 
and is well worth the price for anyone who makes regular use of 
this program. 


LCAS carries out all internal calculations to 16 digit precision 
and prints out all results to 8 significant digits. The dynamic 
range is greater than 10 to the plus or minus 47th power (over 
750dB) without an 8087 installed. When an 8087 is used the 
dynamic range is increased to 10 to the plus or minus 493rd 
power (over 6000dB!). 


This manual and the LCAS program assume that the user is 
familiar with the basics of electronic circuits and design. LCAS 
can however be an invaluable aid while learning to design 
electronic circuits, allowing the student to quickly test his ideas 
and knowledge. 


Piease Take Note: 
LCAS does not design circuits, nor will it correct a 
poor circuit design. It is a designer’s tool used to 


Simulate and analyze an already existing or new 
circuit design. 
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OG PERATIONS OVERVIEW 


LCAS presents three display screens in operation: 


* The Component Screen is the circuit editor 
display. This screen allows entry and manipulation of the 
circuit components. 


* The Analysis Results Screen displays the 
tabular results of analysis of the circult present in the 
editor. 


* The Graphic Screen displays a graphic 
representation of the analysis results and allows 
modification and overlays of graphically presented data. 


LCAS is a highly interactive program, allowing you to easily 


switch between these screens at will, repeatedly editing, analyz- 
ing and graphing circuit performance. 


146 DATUM Systems 


SnolwV  leunsM e‘yeall BAY 


' 


ns Ae 


WI'VASVO é 


ea Se a A 


CNINO mf aasei yeigelh cont af 


uthe tun ata nee ier irienog 
anti 'o nolishiocinem be yiine awols neekie aire 
2ireias ea 


J 


etteysiqdt meee stluaeA sisylenk g 
art? (3 Ineearg tots ort! |o aieylend So ere 


cirtge seyeinaib NEES Divate 
ewols Ons athigat elayinns ert to fF 
sieh Deineemg ylaolricgip lo eychevo bas neg 


_ 


(i269 OF gov soiwolls ~oeTa07q ovVioe i cya 
“xylans goitibhs (ojacqe: ili in asooxe sad 
sonmamohog has B 


WITAG 


ate 


Part 1 - Getting Started Hardware Requirements 


a EE ITB SS 


Hardware Requirements 


The hardware requirements for operation of LCAS are mini- 
mal, although added hardware features may make use easier. 
LCAS requires 640K of random access memory (RAM) and 
one double sided double density disk drive. The program must 
operate under PC-DOS™ or MS-DOS™ Version 2.00 or later to 
function properly. 


Computer 


LCAS is designed to function normally on any IBM PC, XT or 
AT and also supports most compatibles. The program requires 
640K of RAM. Additional extended or expanded memory in- 
stalled is not included in the 640K, and is not used by LCAS. 
Loading of memory resident programs may reduce the amount 
available to LCAS below its minimum. 


If insufficient memory is available, the program will notify you 
and return to DOS. Even a computer with the required 640K 
RAM, may require removal of memory resident programs for 
proper operation of LCAS. 


LCAS is designed and intended to operate with an 8087 or 
80287 installed. LCAS will operate without a co-processor, but 
its capabilities are severely limited by the lack of dynamic range 
during internal calculations. 


Display Requirements and Options 


A color/graphic display adapter is recommended. LCAS will 
operate with a monochrome display adapter only, but will not 
then display magnitude, delay and phase response graphs. 
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If both monochrome and color/graphics adapters are used, 
LCAS will recognize and use both; the monochrome for display 
of circuit elements and analysis results, and the color/graphic 
for display of magnitude, delay and phase response graphs. 
Having both adapters also allows display of the graphic screen 
manipulation menus on the monochrome screen, while main- 
taining the graphic screen. 


An Enhanced Graphics Adapter (EGA) and color or enhanced 
graphic monitor may be used instead of the color/graphics 
adapter/monitor. The EGA may not reproduce the normal blue 
background color used for graphic display of analysis data 
depending upon the adapter type and emulation mode. 


Printer 


LCAS does not require a printer to operate, but having one 
provides valuable hardcopy information. LCAS can use any 
printer for output of component and tabular analysis informa- 
tion. 


‘Printing of graphic information requires a dot matrix printer ad- 


hering to Epson graphics standards and a color/graphic display 
adapter. Refer to the section on "Outputting Data" for more in- 
formation on tested printers. 
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Installation 


Before you get started using LCAS there is a minimal amount of 
installation that must be performed. In this section we will ac- 
complish two things: 


1. Make an important backup of your master diskette. 


2. Makea working copy of LCAS on either floppy or 
hard disk for day to day use. 


The first step is to protect your master diskette by making a 
copy and storing the original in a safe place. The LCAS 
program diskette is not copy protected. The following proce- 
dure requires a blank or unused diskette, either formatted or 
unformatted. 


CAUTION : any existing information on the diskette 
chosen to put your LCAS backup on will be 
overwritten by the following procedure. 


The backup master diskette is created using the DOS "diskcopy’ 


command. This step should be performed whether you have a 
hard disk or not. 


Procedure for ALL users: 


1, Start up your computer with the DOS Master Diskette in 
Drive A, or start from your hard disk in the usual manner. You 
should now have the familiar DOS "A" (or "C") prompt visible. 
Hard disk users should go to the directory containing the DOS 
"DISKCOPY" command file. 


2. Issue the DOS command - 


DISKCOPY A: B: [Return] 
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3. When prompted, place your LCAS master diskette in drive 
A, and a blank diskette in drive B. Follow the DOS prompts to 
create the new LCAS master copy. 


4. Label your new copy "LCAS MASTER BACKUP", and 
place the original master diskette in a safe place. You will use 
the newly created backup in making an LCAS working copy. Go 
to the section titled "Creating an LCAS Working Copy’ below. 


Creating an LCAS Working Copy 


The master of the LCAS program is supplied on a standard dis- 
kette without the DOS system installed. The LCAS program is 
not copy protected for your convenience. To create a working 
copy of LCAS we will simply place the LCAS program 
(LCAS.EXE), it’s initialization file (LCAS.INT) and several 
sample files onto a DOS formatted system diskette, or hard 
disk. 


The initialization file, LCAS.INT, is read by LCAS on startup to 
determine where to look for files, if an 8087 math co-processor 


_is present and if you have defined a set-up string to be sent to a 
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printer and the printer port. 


LCAS allows circuit files (these are circuit descriptions which 
you create and are described later) to be placed on any drive or 
directory, either with the program, or on a separate diskette. 


We know that every new program can be intimidating, especially 
if your computer is also new. A lot of the initial steps may not 
make sense, but patiently bear with us for now. Remember that 
the master copy will allow you to recover gracefully from any 
mistake. 


The working copy of LCAS can either be placed on your hard 
disk if you have one or on a DOS formatted diskette. To make 
the creation of a working copy easier, two batch files have been 
provided on the master diskette for common installations. The 
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batch file "INSTHARD" will install LCAS on a hard disk and 
"INSTFLOP" will install LCAS on a floppy diskette. 


? Figure 1-1 shows the disk configurations represented by these 
) installation options. 


CIRCUIT FILE 1.LCA 
CIRCUIT FILE 2.LCA 


@ Installation Type A. On Floppy Diskette 


Root Directory \ 
COMMAND.COM 
LCAS.BAT 


\DATUM Directory 
LCAS.EXE 
LCAS.INT 

\LCAS Directory 

CIRCUIT FILE LLCA 

CIRCUIT FILE 2.LCA 


Installation Type B. On Hard Disk 
Figure 1-1 Installation Options 
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Option A. Installation on a Floppy Diskette 


Installation on a floppy diskette requires one formatted DOS 
diskette with the system installed. If you are not familiar with the 
procedure for creating a DOS system diskette then refer to your 
DOS manual for the proper method. The normal method for 
creating this system diskette is to place the DOS Master diskette 
in drive A, make drive A the default drive and issue the DOS 
command - 


FORMAT B:/S_ [Return] 
and follow the DOS prompts. 
The procedure below will place the LCAS program and the 
sample circuit files on the DOS system diskette described 


above. In order to fit the LCAS working program and circuit 
files, this diskette should not have other files on it. Additional 


circuit files may be kept on other diskettes. 


Computers with a single or dual disk drive use the same proce- 
dure. 


1. Place the LCAS Master copy diskette in the A Drive. 
2. Make drive A the default by issuing the DOS command - 
A: [Return] 
3. Invoke the batch file by issuing the command - 
INSTFLOP [Return] 
The INSTFLOP program will have you place the newly for- 


matted diskette in the B: drive. Any errors in completing the in- 
stallation will be reported. 
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Option B. Installation on a Hard Disk Drive 


The LCAS program and circuit files will be installed on your 
hard disk drive. This command will create a new directory on 
your hard disk immediately under the "root" directory with the 
name "DATUM" and then place the LCAS program in that 
directory. Sample files will be placed in a directory under the 
DATUM directory named "LCAS". 


1, Select the hard disk as the default drive. If you have more 
than one hard disk, select the one you wish to place LCAS on as 
the default. 


C: [Return] (or D: if applicable.) 
2. Place the LCAS Master copy diskette in the A drive. 
3. Then invoke the batch file with the command - 
A:INSTHARD [Return] 
Note: The "INSTHARD" batch file will not alter any existing 
files on your hard disk. It will place a startup batch file, named 
LCAS.BAT, in the root directory. If you maintain batch files in 


a separate directory, copy this file to your batch directory and 
delete the root directory file. 


For All Users 


Other alternative installations are possible, based on the user’s 
requirements. Basically, LCAS can be placed on any disk with 
sufficient space and its circuit files located anywhere accessible 
by DOS. Experienced users should refer to Appendix G for 
more information. 
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You now have a working copy of your LCAS diskette. The con- 
figuration of your new LCAS working copy for your computer 
hardware is accomplished in the next section during familiariza- 
tion. The default configuration used by LCAS as shipped (or 
when no LCAS.INT file is found) will allow startup on any com- 
puter hardware setup. 


Special Installation Option for Epson FX Printers 


For users with the Epson "FX" type printers that accept the 
Epson format of downloadable fonts, a special file is included 
on the master program disk. This file is named FX-EPSON.INT 
and replaces the standard LCAS.INT file. It includes a printer 
setup string containing the downloadable font set to emulate the 
IBM character set. 


To use this file, you will replace the LCAS.INT file placed on 
the working floppy diskette or in the \DATUM directory of 
your hard disk. 


Place the backup copy of the master diskette in the A: drive. If 
your working program is on a floppy diskette place it in drive B:. 


Issue the following DOS command for the installation type- 
COPY A:FX-EPSON.INT 8:LCAS.INT 

for a floppy installation, or 
COPY A:FX-EPSON.INT C:\DATUM\LCAS.INT 


for a hard disk installation. Use the D: drive designator if re- 
quired. 


When LCAS prints to a printer it precedes the text with the 
downloaded font. 
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Caveats 


DATUM Systems has made every effort to make the LCAS 
program error free and tolerant to hardware and user errors. 
The PC and its’ clones however are not perfect. Especially com- 
puters with several hardware enhancements and memory resi- 
dent programs are subject to catastrophic failures. These 
failures may be parity errors, or "lock-up" where the computer 
becomes totally non-responsive to user input. Usually the only 
method of recovery from these situations is to turn off the com- 
puter, wait a few minutes and restart. 


There are two known cases which cannot be trapped within 
LCAS that result in some form of computer lock-up or loss of 
resident information. 


1. Pressing the key combination AR-Ctrl-Del. This will 
perform a re-boot of the computer, and is built into 
DOS by design. 


2. Pressing the key combination Alt-Ctrl-Break. This may 
lock-up the computer. 


The best prevention to accidentally losing data is to save your 
circuit files on a regular basis. Then even if the power goes off, 
you are protected as of your last save. 
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Starting the LCAS program is very easy. The following steps are 
used to run LCAS - 


Floppy Disk Users: 


1. Place the working copy diskette in drive A. (You may run 
LCAS from any drive, simply replace the drive designator "A" 
with the desired drive.) 
2. Make drive A the default by issuing the DOS command- 
A: [Return] 
3. Start LCAS by issuing the command - 
LCAS [Return] 
LCAS will now load and display the title screen. 
NOTE: For single drive users. After pressing any 
key as requested by the title screen, you may 


remove the LCAS Program diskette and place the 
diskette with your circuit files in drive A. 


Hard Disk Users: 


If you have installed LCAS on your hard disk using the "IN- 
STHARD" installation file then a batch file named LCAS.BAT 
was placed in your root directory which will invoke LCAS. 
Simply issue the command - 


LCAS [Return] 
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If the "LCAS.BAT" batch file has been removed then you must 
first change to the \DATUM directory by issuing the DOS com- 
mand - 


CD \DATUM [Return] 
Note that the symbol preceding DATUM is a BACK-slash. 
Then invoke the LCAS program with the command - 
LCAS [Return] 


The above two commands are actually the contents of the 
LCAS.BAT batch file. 


LCAS will now load and display the title screen. 


The Display Screens 


Pressing any key will remove the Title and copyright notice, and 
display the main default screen. 


LCAS is now completely resident in memory. Once the program 
is started the program diskette need not be kept in drive A (or 
the drive LCAS was started from). 


Look over this screen now. It is called the "Component Screen", 
and is used for displaying and editing the components in the cir- 
cuit to be analyzed, Figure 1-2 is a view of the component screen 
at startup. We will later describe how to view two other informa- 
tion screens in LCAS. 
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¢ Menu/Prompt Line 


ee 8 7 S| conten | Coming 
Cs a 


STOP FREQs 


F1=Component-Scrn F3-Graphic-Sern F4=Print JS5e¥ma lyse Function Key 
P6=<Graph FY :Rave-Cirou it Fa=Losd-Circuit ¥9=Directory-Cireuit Fi9sEecape » 


Picco reminder 


Figure 1-2 Main Component Screen 


9 The component screen is divided into four sections: 
1. The command section in the top two lines of the 
screen, 
The circuit criteria section in the next two lines, 


The component definition section in the lower portion 
of the screen, and 


4. The last two lines of the screen contain function key 
reminders. 


In the command section, the very upper left of the screen is the 
"Command" cell. This cell contains a prompt and a small under- 
line blinking cursor. 


To the right of the Command cell is the "Circuit Name" cell 
which displays the name of the circuit being analyzed. This cell 
) will remain blank until a circuit is named. 


Below these two cells is the menu/prompt line, which displays 
the list of possible choices at each level of a command. In the 
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default condition this line displays the list of possible com- 
ponents which may be selected. Note that the first letter of each 
component name is highlighted on the display. If it’s not high- 
lighted then your contrast and brightness controls require ad- 
justment. The highlighting is intended to show the proper key to 
press to select each of the components. For instance, the first 
"R" in "Resistor" is highlighted, indicating that the resistor is 
selected by pressing the "R" key. Note that selecting any item 
from the menu/prompt line does not require pressing the 
(Return) key afterward. 


The circuit criteria section contains cells to define the 
parameters for analyzing the present circuit. 


The component definition section contains a large inverse cur- 
sor in the first "TYPE" cell. LCAS keeps track of the component 
number in the leftmost cell labeled "No.". The inverse cursor 
shows the location of the active entry. 


The function key reminders on the last two lines of the screen 
show the function keys used as quick replacements of common 
multi-key functions. 


Two other "screens" are also available, but only after a circuit 
analysis has been performed, The "Analysis" screen can be 
selected by using the [F2] function key, while the [F1] returns 
to the component screen. The analysis screen is also automati- 
cally selected if an analysis is performed (more on this later). 
The third screen is the graphic screen which is displayed on a 
color graphic/monitor only. The graphic screen will not be dis- 
played unless an analysis has been performed and the results 
graphed. 


Issuing Commands 


LCAS is both a command driven and a menu driven program. 
The structure of issuing commands to LCAS is similar to that of 
typical spreadsheet programs like Lotus 123, A large inverse 
cursor is used to indicate your present cell position and where 
input information will be placed. There is also a small blinking 
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underline cursor and question mark in the command cell, when- 
ever LCAS is awaiting an input. Command inputs can be of 
three types at this point: 


1. Ahighlighted letter selecting one of the options in the 
menu/prompt line or, 


2. A function key selecting one of the options on the 
lower function key reminder lines or, 


3. Striking the slash character, "/" which brings up a new 
command menu in the menu/prompt line. 


Note that the 4th line of the screen reminds you of 
this command with "MENU = /". The rest of this 
manual will refer to commands beginning with the 
slash character as "slash" commands. 


The blinking underline should be in the command cell now. 
Press the slash "/" key and the prompt line will change to show 
next level of possible commands. These are: 


| Analyze Graph Copy Renumber Delete Print Files Set-up Quit 


Figure 1-3 shows the changed prompt line in this command 
mode. 


Notice again that in our text and also on your screen the first let- 
ters of the words on the Menu/Prompt line are displayed in bold 
indicating the key to press for that option. 


Next press the "S" key to call "Set-up" and a new level of com- 
mands becomes visible on the prompt line. Press the [Esc] ("Es- 
cape") key and the command level will pop back one level. This 
is the standard procedure throughout all of the LCAS com- 
mands and functions; each new key press takes you to a new 
command level and each press of [Esc] backs out of the last 
command level or "escapes". 
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9 First letter of each option Bold 
8 Ck KL 


Delete Print Files Set-Up Qit 


FisComponent-Scrn F2=Amalysis—Icrn Fo=Graphic-Scen F4sPrint F5S=fnalyze 
FosGraph F7=Save-Circuit PG=Load-Circuit F9=Pirectory-Circuit FiS8eEscaps? 


Figure 1-3 "Slash" Command Prompt 


The [F10] is a quick way to abort any pending command and 
return to the main command level. 


Quitting LCAS 


Quitting LCAS returns to the DOS operating system. To quit 
LCAS use the slash command - 


\QY 


representing the quit command followed by the response "Y" to 
the prompt "Exit (Y/N)?" 


The version number and serial number of your copy of LCAS is 
: shown on the menu/prompt line with the prompt to confirm 
o] your desire to quit. 
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Configuring LCAS 


Let’s use what we know now to configure LCAS for your par- 
ticular computer. 


press [F10] to return to the main command level. 
press "/" for commands. 
press "S" for set-up. 


You are now presented with 5 choices in the prompt line shown 
below. These are: 


Co-processor Default drive Printer Update Exit 


Select each of these in turn to configure LCAS for your com- 
puter setup. Some notes are given for each of these items below: 


Co-processor - If you have an 8087 (or 80287/387) Numeric 
Data Processor installed then press "Y" for yes. If you do not 
have an 8087, then press "N" for no. By just pressing the 
[Return] key you retain the previous setting. 


Do not answer yes if you don’t have an 8087. 


LCAS will allow you to force the setup to indicate an 8087 even 
if one is not found in the computer, When you attempt to run 
the analysis portion of the program this way, LCAS will override 
your configuration. This is necessary because programs attempt- 
ing to use a non-existent 8087 usually "lock-up", resulting in the 
loss of any information in memory. 


LCAS will check to see if an 8087 is present when the configura- 
tion option is set to "Yes", and warns you if one is not found. 
This facility can be of use if you are not sure whether the com- 
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puter you are using has an 8087 installed. Simply select the "Yes" 
response to the co-processor setup prompt and the lack of a 
warning indicates the presence of an 8087. If one is not found 
you should reset the option to"No". 


The computer’s hardware switch setting for the 8087 does not 
affect this entry. 


Default drive - LCAS allows you to set four different drive 
and paths to use as the default in loading and saving files, and in 
performing directory displays; one each for Circuit, Text, Data 
and FFT Files, 


When you select the Default Drive option you are presented 
with another menu allowing you to select which of these to set. 


Circuit Files Text Files Data Files FFT Files 


The hard disk installation program will have already set all the 
files paths to the "LCAS' subdirectory (unless the FX- 


_ EPSON.INT file was used which contains no paths). The floppy 


installation defaults these settings to "none" which chooses the 
current drive and path. If you have any definite plans for a file 
structure in mind then set these entries to the drive letter/path 
desired, otherwise they may be best left unchanged for now. 
They can always be reset later as you gain more experience with 
LCAS. Hard disk or floppy users who want to keep files on flop- 
pies might want to set the Circuit files entry to A: or B:. 


Path commands may be used and are recommended for keeping 
files on a hard disk. To keep files in a directory separate from 
the LCAS program, insert the drive and full path description. 
To keep files in a directory under the LCAS program, DOS only 
requires the path from the current directory to the desired 
directory be specified. For instance, the path "\DATUM\LCAS" 
is the location for files set up by the "INSTHARD.BAT" instal- 
lation batch file provided with the LCAS program. Refer to the 
DOS manual for more information on paths and directories, 
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If you have installed the LCAS program on a hard disk and 
replaced the LCAS.INT file created by the INSTHARD 
program with the FX-EPSON_INT file, then you should now set 
all the file directories to "\DATUM\LCAS". 


Legal DOS drive and path names should be used. If only a drive 
letter (with no subdirectory path) is used then the colon should 
be used after the drive designation. For example use "As", not 
just "A" to designate the A drive. 


Entering a space and [Return] designates the current drive and 
path set as default in DOS before starting the LCAS program. 
On requesting a directory of files in LCAS this option is shown 
as a question mark on the file directory heading. 


NOTE: The Default Drive setting can be 
over-ridden during a request to load or save a file 
by preceding the file name with a drive letter and 
colon; for example 'B:CIRCUIT1". Path names may 
not be used in this method. 


Printer - When you select "Printer’ from the configuration 
command menu you are presented with a new meau offering the 


choice of - 
Set-Up String Printer Port 

Set-Up String. 
If your printer requires a set-up string to operate, or you wish to 
place the printer in a special mode then select the peel D String 
option by the command - 

S 
The ascii decimal number of the Set-Up String’s characters can 


then be entered here with the backslash as the character 
separator, including the first character. For example to set an 
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Epson printer to emphasized mode the entry would be 
"\27\69\". Refer to your printer manual for other codes. 


You can enter a sequence of ascii codes until you fill the com- 
mand entry cell. Then LCAS will beep to inform you that there 
is no more room. To enter strings longer than will fit in the com- 
mand cell, first enter codes until the cell is full and press 
[Return]. Then begin a new string but enter a plus (+) and 
backslash before continuing with more codes. This method can 
be used successively to enter up to a total of 270 codes. 


Users with Epson "FX" type printers should have already con- 
verted the special FX-EPSON.INT file for use as described in 
the Installation section. 


Pressing [Return] will accept the present set-up string shown 
and return to the configuration menu. 


Printer Port. 


Printers can be placed on LPT1:, LPT2:, or LPT3:. To set the 
port enter - 


P 


from the printer menu. The port number is selected by pressing 
either 1, 2 or 3. Selecting a port number or pressing [Return] to 
accept the existing port designation returns you to the con- 
figuration menu. 


If your printer is on a serial port, then use the DOS "MODE" 
command (outside of LCAS) to configure the port for the 
proper baud rate to match the printer, and assign the "COM" 
port to LPT1:. For example, the normal method of connecting 
to a serial printer on serial port 1, operating at 1200 baud might 
be - 


MODE COM1: 1200,N,8,1,P 


MODE LPT1:=COM1 


ne 
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. Refer to your DOS and printer manuals for the proper form of 

) these commands to use for your equipment. Placing these com- 
mands in an "AUTOEXEC.BAT" batch file is usually the easiest 
way to configure your printer each time the computer is started. 
The particular commands shown would require that the 
MODE.COM file be placed on the working diskette in floppy 
based systems. 


Update - selecting this option stores the presently set con- 
figuration as the default configuration to a file named 
"LCAS.INT". LCAS reads this file on startup to determine your 
default configuration. 


NOTE! if the file "LCAS.INT" is removed from the 
working disk or not found at startup, the program 
will beep and create a new configuration file with 
defaults. If this occurs you should reset the startup 
) defaults and update the configuration as explained. 


Exit - this option returns to the main LCAS command level. 
Any set-up configuration options changed remain effective only 
for the present session and are lost when LCAS is quit. If the 
Update option was selected before exiting the set-up menu, the 
revised configuration is saved to the "LCAS.INT" file for use the 
next time LCAS is started. 


NOTE! if you do not select the update option 
after changing any of the set-up options, exiting 
this menu will make the changes valid only for the 
present session. These changes will be lost when 
LCAS is quit. 


) Now you are ready to begin working with LCAS. 
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Ee 


Example Session One - 


eS 


Basic Operations 


To familiarize you with the features of LCAS, following are 
several sample sessions which allow you to operate LCAS in a 
realistic analysis of sample circuits. The operating procedures 
are explained in detail for each step along the way using screen 
and graph images. 


Several sample circuit files have been placed on the working dis- 
kette for use in these examples and your study later. We will 
load one of these files now to get some hands on experience 
operating and maneuvering within LCAS. 


In this first example session we will learn to: 


e Geta directory of circuits on disk. 
e Load circuit files. 

» Control the cursor. 

e Analyze circuits. 

e Graph analysis results. 

e Change component values. 

e Overlay graphs. 

e Performan expanded analysis. 

e Set graph scales manually. 


nn nee EEE 
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Loading a Circuit File 


Place the LCAS working copy program diskette in the default 
drive, as it contains the example circuit files you will be using in 
this session. 


If you have left LCAS since setting up the configuration options, 
restart the program with the DOS command - 


LCAS 


Begin a command by first striking the slash key "/". The prompt 
line will change to that shown in Figure 1-3. Select the "Files" 
command by striking the "F" key, and on the new prompt the "D" 
key for "Directory". The complete command used to get a circuit 
directory in our standard format is - 


/FD 


f Directory Save Load 


:i8an 
:47pm 
‘SBpe 
saope 
:38pr 
>54ye0 


W117 


Ti=Component-Scrn FZ=fmalysis-Scrn F3=Graphic-Sern F4a=Print FS=Analyze 
Fo=Graph Fr=Seve—Circulit PR=Load—-Circait F9=Birectory-Circult P18=-Escape* 


Figure 1-4 
Typical Circuit Directory 
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A list of the circuit files on disk will then be displayed. A sample 
directory is shown in Figure 1-4. If no files are found, check that 
the disk and drive are correct for the location of the circuit files. 
If you are still experiencing difficulty getting a circuit directory, 
check back on the setup of "Default Drive" section in "Configur- 
ing LCAS". 


After performing a directory listing LCAS will return to the 
"Files" command state, allowing further operations with the 
directory listing visible. The menu presented at this point is - 


Directory Save Load Merge Erase Name Clear < Files Contin’d > 


The last entry "Files Continued" is only present if there are more 
files on the disk than will fit on the screen. LCAS will wait for 
one of the highlighted keys to be pressed, or [Esc], [F'10] or the 
space bar to abort the function and clear the screen. Pressing 
the "F" key will display additional files. The presently displayed 
circuit file list is held when any of the other highlighted keys is 
pressed. The "D" key will restart the directory listing and is also 
useful for exchanging the diskette when looking for a file. 


Note the names of the files available. One of them is "BP" and 
others include "LOOP" and "X_OVER" 


Load the "BP" file (BP is short for BandPass) by consecutively 
striking the keys - 


LBP [Return] 


For commands and file names, LCAS does not require the use 
of upper case keys. The "L" is for load and the "BP" is the file 
name. The BP file will load very quickly and the component 
locations at the lower portion of the screen will now be filled. 
Your component screen should now look like Figure 1-5. 
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if "BP" did not load correctly, you should have 
gotten a beep and one of two error messages: 
DISK NOT READY !!! or FILE NOT FOUND !!! 
Check the drive and make sure the proper disk is 
loaded and the drive door closed. Look again at 


the circuit directory and make sure the "BP" file is 
there. 


i=Component-Scrn F2=fmalyeie-Sern F3=Geaphic-Sern F4=Print FS=Ana lyze 


F 
F6=Graph F7=Save-Circuit PGeLoaed-Circuit F9=Directory Circuit FPi8=Eecape * 


Figure 1-5 BP Components Loaded 


Before proceeding let’s try another method of loading a circuit 
file that is usually easier. 


As shown by the reminders at the bottom of the screen, the [F9] 
function key will perform a disk directory. Press the [F9] key 
now and the directory will be displayed. Continue the listing if 
necessary until the desired file name is displayed and then press 
the "L" key to Load a circuit file. Note that the first file listed in 
the directory is highlighted by the cursor, Use the cursor 
(arrow) keys to move the highlight cursor to the BP circuit file, 


DATUM Systems 


1-30 


Part 1 - Getting Started Example Session One - 


and press the [Return] key. Voila! The BP circuit file is loaded. 
Using this method you never have to remember or type the 
name of any circuit file saved to disk. 


The schematic of the BP example circuit is given below for 
reference. The circuit is a bandpass filter centered at 5 MHz. A 
description of the method of entering circuit information into 
LCAS circuit files will be given later. First are examples of using 
the BP circuit file to show basic features and capabilities of 
LCAS. 


in @) 500. (@ 'PF, G10 =) topF, 10H |@) gk 
ul < 500 


a D fuH stl 729.63nH 3 


Figure 1-6 
Schematic of the BP Example Circuit 


The numbers in small circles on the BP schematic are the node 
numbers, which will be discussed later. The small shaded tri- 
angles indicate common or ground connections at node 0. 


In the next sections we will first learn to maneuver around the 
component screen and then analyze and change the circuit. 


Cursor Control 


Numeric and textual information is placed in "cells" on the com- 
ponent and analysis display screens. The "cursor" control keys 
are used to move an indicator called the cursor from one cell to 
another within a text screen. The present location of the cursor 
indicates where input from the keyboard will be put. 
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While actually typing at the keyboard the characters and num- 
bers are placed in the command cell, and when the [Return] 
key is pressed this information is transferred to the cell where 
the cursor is located, This function is similar to the use of the 
cursor keys within a typical spreadsheet program. 


When the graphics screen is present the cursor keys are used to 
manipulate another form of cursor, appearing as two line 
markers on the screen. 


The cursor control keys are located on the right side of the 
keyboard as part of the numeric keypad on most keyboards. 


' Some newer keyboards contain a separate cursor keypad on the 
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right. In either case the cursor control keys are depicted by four 
arrows indicating the direction the cursor will move when 
pressed. 


lf the cursor keys do not give the expected action, make 
sure that the [Num Lock] key (Number lock, toggle key) 
has not been accidentally set to output numbers. If so 
press the [Num Lock] key once and continue. 


First use the right arrow key (->) and watch the cursor move 
from cell to cell. At the end of a line the cursor will jump to the 
beginning of the next linc. When the cursor reaches the bottom 
of the screen, the lower portion of the component screen will 
scroll up to display the remainder of the components, Now use 
the left arrow key (+) (not the backspace!) and note the 
reverse action to that of the right arrow. 


Continuing to use the left arrow key will take the large inverse 
cursor into the circuit criteria area, 


The up and down arrow keys perform similar functions, so ex- 
periment with them now until you feel comfortable with their 
use. Do not be afraid of harming either the LCAS program or a 
component file loaded, as no combination of cursor keys can 
destroy either. 
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4 Next try the [PgUp] (Page Up) and the [PgDn] (Page Down) 
keys. These will move through the component list a page at a 

& time. 
The [Home] and [End] keys will move to the beginning and end 
of the component list. When at the beginning of the component 
listing, pressing the [Home] key again will "home" in the circuit 
criteria area. The [End] key has the reverse effect. If already at 
the home or end position of either area, and the key is pressed 
again, the cursor will move to the home or end of the other area. 


Analyzing the Sample Circuit 


Beginning the analysis of a circuit in LCAS is very simple. First 
note that in the circuit criteria section of the screen including 
the start frequency, stop frequency, number of data points and 
whether to step the data points in linear or logarithmic incre- 
ments are already defined. This is because the last information 
available is stored with the circuit file when saved. The circuit 
criteria section must be completed before an analysis can be ac- 
complished on a circuit. 


Press the [F5] function key and the analysis will begin. Notice 
that the analysis process is very fast. The analysis routines in 
LCAS are all written in assembly language for maximum speed 
and resolution. If you have an 8087 or 80287 Numeric Data 
Processor installed, and configured LCAS to recognize it, then 
the analysis is occurring even quicker, probably faster than the 
screen printing process, The addition of the 8087 co-processor 
also insures maximum data accuracy due to its internal 80 bit 
representation of numeric values. 


) LCAS automatically switched to the second or analysis screen 
to display the results after the analysis was requested. Figure 1-7 
' F shows the analysis screen after completion of the analysis. 


LCAS will always switch screens to show requested data. 
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Pressing any key during the analysis process will abort the 
analysis. If you accidentally press a key, simply use the [F5] 
function key to redo the analysis. 


43% .31169u 
386 .SS37BuY 
343 .48479uV 


> ae 


¥i=Comporent—Scrn F2=¢ma lysis—Scrn F3=Geaphic-Sern F4=Pr YyZB 
F6rGraph F7=Save-Cirecuit FO=Load-Circuit F9cDirectory-Circuit P1i@sEscape* 


OE 


Figure 1-7 Analysis Screen 


Take a minute to look over the results and try your cursor keys 
to move through the analysis listing. The cursor control keys 
now move a full line inverse cursor that allows you to pinpoint 
any single line in the analysis results. [Home] and [End] will 
move to the beginning and end of the results listing. Now press 
the [F1] function key. LCAS switches back to the component 
screen. Press the [F2] function key and LCAS will quickly 
return to the analysis results. 


The top portion of the Component and Analysis screens are the 
same. You may fill in sections of the Circuit Criteria area from 
either of these screens. 
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Part 1 - Getting Started Example Session One - 


Graphing the Sample Analysis Results 


Now that analysis results data are available, those results can be 
graphed. Press the [F6] function key. If you have a 
color/graphic or EGA adapter, LCAS will switch to the third or 
graphic screen, and produce a graph of the data in the analysis 
screen as shown in Figure 1-8. 


If you have both a monochrome and color/graphic screen then 
both will now contain information. If you have only a 
monochrome screen then the message "NO GRAPHICS 
ADAPTER!!!" will be displayed in the menu/prompt line of your 
analysis screen. If you receive this message then you do not have 
a graphics adapter that LCAS can use. You should then skip 
over the following section on graphing and instead proceed to 
"Changing the Circuit’. 


4.4879193MHz 5.6495668MHz 
4.0000000MKz 5S.O0353550MHz 8. 3387000MHz 


Figure 1-8 Graph of the BP Circuit 
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Two functions are shown on the graph. Amplitude vs. Frequen- 
cy and Phase angle vs. Frequency. The magnitude response is 
normally shown in white and the corresponding magnitude scale 
on the left of the graph is also shown in white. The magenta 
curve and scale to the right of the graph are the phase response. 


Showing Group Delay 


The phase response can be exchanged for group delay response 
by pressing the "D" key on the keyboard, and returned to phase 
with the "P" key. You should try this now to verify the response. 


There are several other items to notice on the graphics screen. 
The name of the circuit that was graphed is located at the top 
center of the graph. To the left and right of the circuit name are 
the legends "REF=". The value to the left refers to the mag- 
nitude response and is shown in white. The magnitude REF 
gives the absolute magnitude reference of the 0OdB point on the 
magnitude scale. For this particular graph the reference is 
shown as -6.0209494dB, indicating that the OdB scale mark ac- 
tually represents -6.0209494dB. There is a similar reference for 
the phase scale, or delay scale, whichever is presently shown, All 
measurements from the graph are thus normalized to the peak 
of the respective response curve. 


The frequency scale is given in a light blue-green (cyan) along 
the bottom of the graph. Five frequency increment points and 
corresponding graticule lines are always shown. The first and 
last points are taken from the circuit criteria section as the first 
and last points respectively analyzed. The three intermediate 
points are determined based upon whether the analysis was per- 
formed in logarithmic or linear increments. 


Now the [F1], [F2] and [F3] function keys can be used to 
switch between the component, analysis and graphic screens 
respectively. 
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Part 1 - Getting Started Example Session One - 


Graph Markers 


Press the [F3] function key to return to the graphic screen if you 
have changed. Next, hold down the right arrow key (—). A verti- 
cal line marker is produced on the graph which can be posi- 
tioned with the right and left arrow keys. The frequency, 
amplitude and phase of the marker position are shown in the 
display at the bottom of the graph next to the legend "MKR1". 


Marker 1 Marker 2 


REF= 73.680866° 
a ioo° 


. ees | 0,0° 


voce -900° 
» 6495668MHz 
MHz 6.3387000MHz 
O80dB -12.456128? 
310dB -714.02705° 


4.487°9193MHz S 

4.0000000MHz 3.0353550 
MKRI= 4.6418075MHz -10.243 
MKR2= 5.4622687MHz -11.340 


Marker information 


Figure 1-9 
BP Graph with Marker Information Added 


Pressing the "2" key at the keyboard upper row will select the 
second line marker as active. Now the arrow keys will move 
marker 2 to pinpoint a second frequency, amplitude and phase 
point on the graph as shown in Figure 1-9. Note that when 
marker 2 is made active, marker 1 remains on the screen. 
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Pressing the "1" key returns control to the 1st marker, 


The up arrow key (+) seeks the maximum response point on the 
graph for the specific marker active and the down arrow key (/) 
seeks the minimum. For maxima and minima search purposes 
the two markers have slightly different attributes. Marker 1 is 
associated with the magnitude response and is shown in the 
same color as the magnitude response curve. Marker 2 is as- 
sociated with the Phase or Delay response, whichever is 
presently displayed and again is shown in that color. These 
markers are very handy for highlighting specific points on the 
graph. 

To remove one of the markers, use the [Home] or [End] key to 
move it to the left or right edge of the graphic screen. When off 


the screen, the marker information at the bottom of the graph 1s 
also removed. 


Changing the Circuit 
Suppose now that you wanted to change the circuit to determine 
the effect of component variance or to try a slightly different 
design. LCAS has several methods available for modifymg the 
circuit and components: 

1. Component values 

2. Component nodal connections 

3. Copy, insert and delete components 

4. Automatic node renumbering 
In this example we will only try the first two of these types of 
changes. The second sample session will include further ex- 


amples covering the copy, insert, delete and renumbering com- 
mands. 
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Part 1 - Getting Started Example Session One - 


One purpose of showing the following circuit modification tech- 
niques is to demonstrate what can be done with the new infor- 


mation when graphing. 


The following description assumes that you have just finished 
analyzing and graphing the "BP" circuit as described above. If 
you have not, or have been experimenting with other functions, 
repeat the example instructions to arrive at a fresh analysis and 
graph of the BP circuit. Then return to the Component screen 
using the [F1] function key. 


First try changing the value of component #3, the inductor be- 
tween nodes 2 and 0, by placing the cursor over the existing 
value (1.0000 uH) and typing in a new value, say 3.0 uH. The 
"micro" multiplier is the "U" key. The full sequence is then - 


3u [Return] 
and the new value is entered. 


Notice that none of the other entries for this component 
changed by changing the component value. This is true for any 
component entry change except the component "type", which, 
when changed requires re-entry of all items. Changing the 
"Type" designation also deletes the component that previously 
held that position, and replaces it with the new component 
being entered. 


Now you might want to see the effect of this change on the 
circuit’s response. First analyze the circuit again using the [F5] 
function key, But this time do not graph the response using the 
[F6] function key, as this will replace the previous graph. In- 
stead the new response can be overlayed on the previous graph. 
To overlay the graph give the slash command - 


/GOP 
for Graph, Overlay, Present. Both response curves are now dis- 


played as shown in Figure 1-10. There is no limit to the number 
of graph iterations that can be overlayed in this manner. 
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REF=-6.04071720B BP REF= 73.6680866° 
10dB : 100° 


: 3 : et © 
4.4879193"Hz 5. 6495666MHzr 209 
4.0000000MHz 5.03535S50MHz 6. 3387000MHz 


Figure 1-10 Overlayed Graph 


Before proceeding to the next step, return the display to its ini- 
tial state by changing the value of component #3 back to 1.0 nH 
and analyzing and graphing again with the [F5] and [F6] func- 
tion keys. 


There is another method to change component values in LCAS 
which is very convenient when trying to determine the effect of 
tolerances. A percentage change can be added to or subtracted 
from a component value by placing the cursor on the value and 
typing the percent change desired followed by the "%" key and 
[Return]. A positive or negative value can be used. For instance 
to reduce the value of component #4, the capacitor between 
nodes 2 and 3, by 10%, you place the cursor over the present 
value and type - 


-10% [Return] 


The value will change from 10.0 pF to 9.0 pF. Next analyze the 
circuit again using the [F5] function key. This time you may 
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Part 1 - Getting Started Example Session One - 


want to see the difference in response of the circuit directly dis- 
played. The command to present this graph is - 


/GNS 


representing Graph, New, Subtract(Last-Present). This will 
present a new graph instead of an overlay as in the previous ex- 
ample, and subtract the present analysis results from the last to 
generate the new graph. After having a look over the graph 
return to the component screen using the [F1] function key. 


To return to the former value of a component after a percentage 
change might normally require a little thought, but LCAS 
provides a simple method of reversing a percentage change. To 
do this simply repeat the last command but precede the percent 
change by the ietter "R". Thus to reverse the -10% change 
above, type - 


R-10% [Return] 
and the component will return to its original value, 10.0 pF. 


Now return the analysis results and graph to their original states 
by issuing the commands to re-analyze and graph - 


[F5] and [Fé] 


Expanded Analysis 


The graph of the BP circuit response we have seen so far shows 
the response over a wide enough frequency range to detail over- 
all performance. It is sometimes useful to view certain portions 
of a response in a close-up or expanded mode. This is like 
zooming in on a section of a graph for a more detailed view. 


Obviously you could go to the circuit criteria section and change 


the start and stop frequency points to re-analyze over a smaller 
frequency range. Instead, LCAS provides a much simpler 
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method of performing an expanded analysis with the advantage 
that the original start and stop frequency limits are maintained. 
The new limits of analysis are chosen directly from an existing 
graph. 


To prepare for an expanded analysis, we use the graphic 
markers when viewing the graphic screen to "bound" the fre- 
quency range of interest. There are three possible variations 
that can be employed here: 


1. If only Marker 1 Is visible on the screen, the frequency 
range is taken from the normal start frequency up to 
the Marker 1 set point frequency as displayed at the 
bottom of the graph. 


2. If only Marker 2 is visible on the screen, the frequency 
range is taken from the Marker 2 set point frequency 
as displayed at the bottom of the graph up to the 
normal stop frequency. 


3. \f both markers are visible on the screen, the frequency 
range is from the lower marker to the upper marker. 
It does not matter what order the markers are set. 


Set both markers on the graph to bound the frequency range of 
the magnitude response in the filter passband right up to the 
edges of the response. The marker frequency set points should 
be approximately at 4.6418MHz and 5.4622MHz. 


Now use the following slash command - 
/AE [Return] 


representing Analyze, Expanded. You cannot use the [F5] key 
to accomplish an expanded analysis. 


When the analysis is completed press the [F6] key to graph the 
new expanded response data. After pressing the "D" key to show 
delay, the new graph should look like the one in Figure 1-11. 
Note that the label "EXPANDED" is shown across the top of 
the graph. 
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Part 1 - Getting Started Example Session One - 


REF=-6. 020666108 BP REF= 6.1274530us 
1.0d8 1.Ous 


0.0us 
Poppy -L.Ous 
m-2.Q0us 
“W-3.O0us 


4.8345784MHz 5.244469 7MHz 
4.6418075MHz S.03535S50MHz 5. 462268?7MHz 


Figure 1-11 
Expanded Analysis with Group Delay 


The delay response shown is the group delay across the 
passband of the filter. 


Manual Scale Mode 


In all the examples so far the vertical scales for magnitude, 
phase and delay have all been automatically chosen by LCAS to 
display all of the data available. These scales can be overridden 
and the scales set manually by selecting the "Set Scale Mode" 
from the /Graph menu. You are then prompted for either 
Automatic or Manual scales. When you choose one of these op- 
tions it is set until changed again by re-selecting the "Set Scale 
Mode". 


After setting the scale mode you are returned to the main Graph 
menu where you continue to choose the type of graph desired. 
Whenever in the manual scale mode, you are prompted to set 
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LCAS User’s Manual Version 2 
the scales desired immediately before graphing unless you chose 
the overlay option. Overlays require that each graph use the 
same scales 


To manually set the magnitude scale on the BP graph, first set 
the manual scale mode with the command - 


/GSM 
for Graph, Set Scale Mode, Manual. 
then enter - 

NP 
for New, Present only. At the new prompt choose - 

M 
for Magnitude. When prompted for the maximum magnitude 
level to display just hit [Return] to select the default of -6.02dB. 
At the prompt for minimum level, type in - 

-7.5 [Return] 
Now select - 

Vv 
for View Graph and the graph will be displayed with your new 
magnitude scales as shown in Figure 1-12. This graph is a com- 


bination expanded analysis with manual magnitude scales show- 
ing detail of the ripple in the BP circuit passband. 
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Part 1 - Getting Started Example Session One - 


oT ale ad eh a SP REF ® sR Mae 
z 1 __ EXPANDED ptt 


° 
Den ereenens sore re pasea es os at MEEBEE DESY NSaceseuonDo SES 


4,0345704NHz5.2444607MHz >" OUS 
4.6418075"Hz  5.0353550MHz 5. 4622687MHz 


Figure 1-12 
Expanded Analysis of the BP circuit with Manual Scales 


Noise Power Display 


There is one more important feature of LCAS we can show 
using the "BP" circuit, the noise power display. It is common 
practice for filters used in communications and measurement 
circuits to be described by their effective "noise bandwidth" or 
the amount of total noise power they represent. For instance, a 
spectrum analyzer display of signal-to-noise ratio requires a 
knowledge of the effective noise bandwidth of the filter used to 
limit the noise. Knowing that, the true signal-to-noise ratio in 
any bandwidth can be calculated. 


In LCAS the noise power and a derived noise bandwidth is cal- 
culated as the integral of the power represented by the mag- 
nitude response, or the "area" under the curve of the magnitude 
response. To better show this first re-analyze and graph the "BP" 
circuit using the - 
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[Fe 


keys. Then place marker 1 at the peak of the magnitude 
response. The easy way to do this in LCAS is by pressing the up 
arrow key with the graph as the current active screen. By the 
way the down arrow seeks the minima of the response, and 
marker 1 works on the magnitude response while marker 2 
works on whichever of the phase or delay response presently 
displayed. 


Now press the "N" key, representing "Noise" and a new line will 
be displayed at the bottom of the graphic screen as - 


The first entry, Pin, indicates that the normalized input power to 
the circuit was noise at a power density of 1.0Watt per Hertz. 
The Pout of 174.18 kiloWatts indicates the total noise power at 
the output of the circuit. The Pout figure includes the circuit 
loss of approximately 6 dB from input to output. The third num- 
ber (-MKR1) is the power out minus the level of the response at 
marker 1. Since marker 1 was set at the peak of the magnitude 
response within the passband then this number represents the 
power output normalized to the passband. This would have sig- 
nificance since a signal within the passband of the filter would 
suffer the same 6dB of loss. 


The figure computed for Pout - Marker1 also represents the 
noise bandwidth of the circuit where 1 Watt represents 1 Hertz 
of bandwidth. Consider for example that this circuit’s magnitude 
response was a perfect function with a flat passband response 
and vertical lines representing "brick wall" band edges. The 
number of watts at the output relative to marker 1, again in the 
passband, would actually be equal to the number of Hertz of 
bandwidth since there is 1 Watt per Hertz. The same is true of 
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Part 1 - Getting Started Example Session One - 


the "BP" circuit response. The noise bandwidth of this circuit is 
699.96 kHz. 


Whenever the graphic screen marker 1 is moved the noise 
power display will be removed. To display the noise power again 
or to re-compute the noise power at a new marker 1 level, just 
press the "N" key again. 


Area Under Curve 


A variant of the noise power display can be used to find the 
power in a certain portion of the graph response. For example a 
filter response might have a slight "bump" in level in the stop- 
band and you wished to know how much power this represented 
with respect to the passband. 


The two graphic markers are used to bound the frequencies of 
interest. Then by pressing the "A” key the absolute power repre- 
sented by the magnitude response between the two markers is 
computed and presented on the bottom line of the graph screen. 


By bounding first one area of the graph and computing power, 
and then a second area, the relative magnitudes or ratio of 
powers can be easily determined. 


Caiculation of Effective Jitter 


A common calculation in the design of circuits for communica- 
tions and test equipment is the effective jitter represented by 
thermal noise impressed on a carrier or desired signal. This type 
measurement is usually done on phase locked loop circuits 
which generate the system carriers. For those who perform such 
calculations, LCAS has a built in function which will calculate 


DATUM Systems 1-47 


S ~ 
—_ — 
, 
ry +.¥ 
i _~ 
— 
nu 
eke 
- nO nolese? siome ___Dahare § 


© testis ani) lo Bhbiwhbnad sion ofT ‘ales testa" it 


seins ott hewn af I wale soos oidgerg ofl 
mage iswney ovine of) yalgeds oT .bavonsss od iiw'g 
u| devel { acdhwen wom ¢ is 79wog selon orl) onqenag 


Bt 


* 


“Se 


Own) Wb 

x} bail of bors ad aso yelyath 1ewoq oaion ad? be 

h Skymexs 20°77 .sattoges dqety orfi lo aol re — sa 
pole ot ah level ai “qed” Mintle « oval igh ape 

ty MEET KP te “4 r% pty ICRI wood dak it Be wet wov b > : 


hupdeor od) of requan ll 


ip EMIS DO a al baapox! OF JOA Gre &v 7a thse afore owt ¢ é 
Su) towog obdoads ods ved "A" colt aniesory yd wet 

F pale ow? sii cuowted aancares? ofx cheesy os sal? ei bom 
sows dang 363 to sail matiod oi 20 bainseng bea bel 


Sore gatmgmce ban igs oii do so18 ono seul geben 
w ole? w Meu Ning Rest eviielat st J “Th naked” S$ ‘not Ba 
Hooimtsiad ylinos xf ae 


ae ___—_ aii, YBOONS To NOt 


-rueomeGS Tob wiestio lo agiesh od? mt modieluolas ¢ 
vo Dekrgeneyst ssi] evils ody ti Meseagieps aad b 
say? an! T Jeagiz boviesb w usiseno « no heaserqesi soe 
stiustta qool halsat semriq mo gook yilewesr ai Sen 
sobe antag cdr sod) wl .ssiviss etsiere ont 

Raluoles Ue doidw noitonst ai thud 2 ea? ZADI 


2. ee aneitye MUTAG 


> 


LCAS User's Manual Version 2 


the jitter in degrees and radians represented by the energy in a 
defined frequency range. 


Before using the Jitter function the power in the area of interest 
must be calculated using either the Noise power function or the 
Area function. Then the jitter function calculates the jitter rep- 
resented by the displayed noise power by pressing the "J" key. 
Only the noise power figure of the Noise function are used, not 
the "-MRKR 1" figure. All the features of the Area (integration) 
function are used in the noise and jitter calculation such as using 
the two graphic markers to bound the frequency range of inter- 
est. 


The jitter calculation has no relation to the circuit we are 
presently analyzing, but an example of using the jitter function 
in a phase locked loop application is given in Appendix D. 
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Part 1 - Getting Started Nodal Circult Representation 


nae 


Noda! Circuit Representation 


Now that you have a basic idea of how LCAS itself is manipu- 
lated you should back up and consider the method used to rep- 
resent electronic circuits within the LCAS environment. 


The following description assumes the reader is familiar with 
the basics of electronic circuits and design and with schematic 
representation of circuits. If not there are many good texts on 
electronic circuit design available. LCAS will not design circuits 
for you. LCAS is a designer’s tool used to simulate and analyze 
an already existing or new circuit design. 


The term "Node" is used to denote the circuit connection point 
for component leads. 


LCAS performs a nodal circuit analysis. It is therefore necessary 
to enter circuit information into LCAS in a nodal repre- 
sentation. This normally means little more than numbering the 
nodes on a schematic diagram. Unless a circuit contains only 
two or three components, a schematic diagram of the circuit to 
be analyzed is invaluable when using LCAS. Without the 
schematic it is too easy to miss a component or connection and 
derive incorrect answers. Like most computer tools, LCAS can 
only provide valid results with correctly entered information. 


Direct keyboard numeric input is used to describe a circuit in 
LCAS. This method offers several real advantages over a 
schematic drawing method. Foremost it is much faster than any 
of the "schematic capture" type programs used in CAD systems. 
Second, circuit files are compact and typically man-readable, 
Third, compatible circuit files can be generated by external 
programs, using common techniques such as filter synthesis, and 
interchanged with LCAS. 


TS 


DATUM Systems 1-49 


nottemeasgeR fluosS m2 tabi bone? on 


ea «= Geeer™ 


novsinezeqen fi 


MR eh et ee 


urns 2 Toe 20D) wod We echt sized « over woy 
i of} baew bodina od? rsbia09 beet qa toned! hiwods OR 
Joornnmives ZAOT sdi nndeisive tite ofreaiaeliss 
dw yetionet a has wil eentose soliqnowh gat 
wands okw bos wcijanl bas ehuvu smo lo 2 
no ates) boos vem oi sed) ton If 2tivotis Yo modtae 


gto agtesd joa re ZAC! sideficvs iTerasl ues 9 2 
oxvinwes bum islam of bee joo? ssaqyuwols « 6 CAE, 


4290 THOT woe 1 geet a9 Ce 


mx oO Irn te > “wilt “AooersD of} UNE & grit" orm: 
2Deo! iiapOgees 


¥ieaesose 210% 191) ef SE ciavigwes teotia labor & ee chi9q 
“SIGst Wit £ a CP hi Oo nor win Adhd ru Taine a 
amrtodusen maf) sTom of snes: vemos 2dT . 
ling ote ier TOT 6 zanna Te Tay hj [tamed s mg 

23 Masi of) Jo marysih oheworio: s 2imonpqmee sou} 
sai jwotnW .2AD aot gsedw sidesiovni al bana 
Oth Aeioosmae 30 Insaogimqs & e2itn Of faae OO! a If OF 
ma ZA Bityo) zara mos trom cdi] .oweas mono 
citar bemies YUos1io2 Aw thoes biley obra 


¥ 2a & sdrioaeb of ban ei hepa Sen bremxhrod £ 
6 1790 etptingvbe las: levavae wohio bodiem adT 
yne cad) rodee) sigue w  izoms704 -bodiom yatwerb oi 
eeategs (LAD oi boa eneword ocv ‘gmige> siiEcesdoy” 

Jitebant-aem yisoiqy base meqmoo sw aslii tivotio Oo 
lnanaie yt borsasosg of mo 2a tumin slditeqaos 
as 2irodinys 1970 es dows aeupintines comeaos yoize pam 
221 dice begeml 


—e = oe, 


G..7 ememye MUTAQ 


J 


LCAS User's Manual Version 2 


—-—---————————— eS ree se 


Numbering the Nodes 


An example circuit diagram is shown in Figure 1-13, The nodes 
are numbered consecutively from circuit input to output. The 
actual analysis computation is not dependent on the node num- 
bering order, but many editing functions depend on this consis- 
tency for ease of use. If the nodes of each functional area of a 
circuit are consecutively numbered, then this group of nodes 
can be easily manipulated as a single object, saved as a separate 
circuit, and later brought into other circuits as a merged 
module. More sophisticated commands, such as copy and 
merge, do require the circuit nodes to be numbered consecu- 
tively from input to output for best results. 


» 


Figure 1-13 
Sample Circuit with Nodes Numbered 


The sample circuit shown is an active high-pass filter containing 
several different component types. We will see more of this fil- 
ter type in the next example work session. 


Node numbering normally begins with the digit 1. Node 0 is as- 


sumed to be the ground or common node, and is also used for 
all power supply connections. 
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Part 1 - Getting Started Nodal Circuit Representation 


All nodes used, except the input and output nodes, must have 
more than one component lead connected or an error is 
reported. Node numbers cannot be skipped without also caus- 
ing an error to be reported. 


A specific component in LCAS is identified by its type, value 
and nodal connections. Components are not numbered by type 
as in a typical schematic, such as C1, C2, R34. 


Changing Nodal Connections 


Changing the circuit nodal connections is accomplished by plac- 
ing the cursor over the desired node and typing in the new nodal 
connection. 


Input and Output, Source and Termination 


All circuits used with LCAS have an input and an output node. 
The input node is the excitation point for the circuit, and the 
output is where analysis information is recovered. LCAS 
provides a common input excitation. It is a 1 Volt RMS voltage 
source, with 0 Ohm output impedance. The determination of 
the source impedance and the necessary components to repre- 
sent it is your responsibility. 


The circuit of figure 1-13 required no source or terminating im- 
pedance as it is intended to be driven from a low impedance 
source and to provide a low impedance output. Many circuits do 
however require that they be connected to proper impedances 
at both input and output. For instance, an IF filter for com- 
munications use would probably require a 750 source im- 
pedance, and the first component would then be a series 750 
resistor from node 1 to node 2. An alternative source im- 
pedance circuit is shown in the appendix "Tips and Techniques". 


The output node is the circuit point at which LCAS provides 
analysis information. The output information is relative to the 
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LCAS User’s Manual Version 2 


input node. The designation of a node as the output presents no 
load to the circuit. If a circuit requires a termination at the out- 
7} put, it must be specifically placed there. For instance, typical RF 
circuits commonly require a 500 termination impedance. 
Therefore a 502 resistor is placed between the output node and 
ground. Figure 1-14 shows a circuit with properly terminated in- 
puts and outputs. For another example refer back to the BP cir- 


cuit shown in Figure 1-6. 
_ Source 
Oohms J Lietenleien 
Pi acence Circuit 


Under Test 


Figure 1-14 
Circuit Source and Termination Impedance 


The input and output node designations in LCAS can be 
changed at will to analyze a circuit from different points. For in- 
stance, if the output response of a circuit was not as expected, 
then perhaps one or more intermediate nodes can be checked 
to determine where the response varies from expectation. 


A circuit with multiple outputs can be analyzed sequentially at 
each of the output nodes and compared. For instance a hi-fi 
crossover network might have 2 or 3 outputs, each designed to 
cover one frequency range. The outputs can be displayed as 

, graph overlays to determine relative responses and phase 
matching. Just such a circuit will be analyzed in the next ex- 
ample session. 
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Part 1 - Getting Started Example Session Two - 


Re AS LP IS LE 


Example Session Two - 


Entering and Manipulating Components. 


This next example work session will show more details of using 
the component editor to: 

e Enter a circuit description. 

e Saving circuit files. 

e Deleting components. 

e Copying components. 

e Renumbering component nodes. 


In addition the example also includes: 


e Circuit analysis with multiple outputs. 
e More on overlaying graphs. 


The circuit chosen for this example is a hi-fi crossover network 
which could be designed into an amplifier. The circuit has dual 
outputs designed to drive two output amplifiers which are con- 
nected to separate loudspeakers. 


The schematic diagram of the crossover network is shown in 
figure 1-15. Notice that the circled node numbers begin at 1, 
which is the input node. There are two outputs available, at 
nodes 5 and 9 


Figure 1-15 represents the first step in any analysis with LCAS, 
which is to have a circuit diagram in front of you with the nodes 
numbered. 


The second step is to enter the circuit description into LCAS 
using the component editor. Most of the components have al- 
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ready been entered into the Crossover Network circuit file lo- 
J cated on disk under the name "XOVR-EX", so first load that 
file using the commands you learned in the first example. 


10k 


Sa Bin 
Bey 
J 


Figure 1-15 
Crossover Network Schematic Diagram 


You will only be adding those components shown in the shaded 
box on the schematic, including two resistors, a capacitor and an 
operational amplifier. 


Just in case you’ve forgotten you can load the circuit with the 
command - 


[F9] {Continue to display file} L 


then move the cursor over the file named "¥OVR-EX" and 
press - 


[Return] 


eS 
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Part 1 - Getting Started Example Session Two - 


Next place the cursor on the first empty row of the "Type" 
column at the bottom of the existing component entries. The 
[End] key will take the cursor directly there. 


Have another look at the circuit and note that it is composed of 
two paths which separate at the input node. Considering that 
this is a crossover network the two paths represent the high-pass 
section in the upper path and the low-pass section in the lower 
path. 


Entering the First Component 


The first component you will be entering is the resistor in the 
low-pass section between nodes 7 and 8. Components are 
entered by typing the highlighted letter of the component name 
as shown in the menu/prompt area of the screen. If any of the 
"slash" command prompts are presently displayed instead of 
component names, just press [F10] to return to the main com- 
mand level. If the component you are interested in is not shown, 
press "M" to show another line of the menu. Since we want to 
enter a resistor type an - 


R 


for resistor. The "Type" column will now display "Res" and the 
cursor will proceed to the first cell of the "Specification" column. 
The command cell now prompts you to input the "Value in 
Ohms?". A quick look back at the schematic shows that the 
resistor’s value is 10k Ohms, so enter - 


10k [Return] 


and proceeds to the next. 


Next we enter the "From Node" as - 


EE 
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7 [Return] 
and the "To Node" as - 
§ [Return] 
That completes the entry of the first component, and it was easy. 


Try entering the capacitor now between nodes 8 and 9. Notice 
that after entering the value of the capacitor, the command cell 
asks for "Value" and the menu/prompt line says "Quality Factor 
19000a < Value < 1000.0T 0=Infinite Q’. LCAS wants to 
know what the Q of the capacitor is. There is a full discussion on 
"Q" in Part 2 and for now let us assume that the capacitor is 
ideal, so just press - 


[Return] 


You should be able to enter the remainder of the components in 
the circuit yourself knowing that the amplifier has an open loop 
gain of 300,000 (Av = 300k) and a unity gain bandwidth of 
4.5MHz. Then just keep the following points in mind: 


» You can back up during a cell entry using the 
backspace key. 


e You can back up during a component definition 
before all cells are completed by using the left 
arrow or [Esc] key. 


. After a completed component definition, you can 
change any value by placing the cursor on the 
desired cell and entering the new value. 


» The ground or common is node 0. 

» All component nodes must be connected. 

» The unused negative Op-amp output is connected 
to node 0. 


When you are finished the end of the component list should 
look like that in figure 1-16, showing components 13 through 16 


SS 
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Part 1 - Getting Started Example Session Two - 


which you just entered. If it doesn’t then you should make the 
necessary corrections before proceeding to the next part of the 


example. 
ST Fae we NO 
Resistor Capacitor Inductor Sp-fmp Transistor FET Meru Cont'd 
oo 


ficComponent-Scrn F2=tmalysis-Scrn F3sGraphic-Sern F4=Print ¥5=na lyze 
Pé=Graph F?=Save-Circuit FB= Circuit F9-MrectoryCireuit F18=Escape* 


Figure 1-16 
Crossover Network Component List 


Just to be safe you should now save the crossover network cir- 
cuit description to disk. Then if something really drastic hap- 
pens it can be easily recovered. To save the file use the slash 
command - 


/FS 
You will be prompted to save the file under the existing name 
that the circuit file was loaded with, XOVR-EX. Since we want 
to use a new file name enter - 

MYTEST [Return] 
to save the circuit under the name “Mytest". LCAS adds its own 


file name extensions automatically. 
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Circuit Criteria Entry 


There is a little more information needed before the crossover 
circuit can be analyzed. The Circuit Criteria section must be 
completed to show LCAS the specifics of how you want the cir- 
cuit to be analyzed. Press the [Home] key twice to go to the top 
of the circuit criteria section. 


The first entry required is the circuit input node. We know this 
is at node 1 so enter - 


1 [Return] 
Then move to the "Output Node" cell and enter - 
5 [Return] 


to look at the response of the high-pass section. Next enter the 
start and stop frequencies as 20Hz and 20kHz respectively. 
Select 50 data points and finally request a logarithmic increment 
for the analysis steps. This is usually best when the frequency 
range of start to stop is several decades as this is. To enter the 
logarithmic sweep mode you use the letter "N" as prompted for 
non-linear. 


The circuit was already saved once after the component list was 
completed. You should now save the circuit again after the cir- 
cuit criteria section is complete. This new information will be 
saved with the file and is available whenever the circuit is 
loaded. This time though you do not have to enter the circuit 
name, just press - 


/FS [Return] 
or 


[F7] [Return] 


en 
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Part 1 - Getting Started Example Session Two - 


You will be asked to confirm replacement of your original 
"MYTEST" circuit file by pressing - 


Y 


for yes. 


Analyzing the Test Crossover Circuit 


We are going to show several methods to analyze and manipu- 
late the circuit you just entered. First we will: 


e Analyze the high-pass section and graph. 
« Analyze the Low-pass section and overlay this 
graph. 


Next we will re-analyze the circuit, but in pieces to show dif- 
ferent functions. We will: 


. Delete the low-pass components and analyze the 
high-pass circuit by itself. 


. Delete the high-pass components (1 through 8). 
. Renumber the remaining low-pass components. 


« Analyze the low-pass circuit by itself, overlaying 
this graph. 


This exercise will show how to use the Delete and Renumber 
commands and analyze circuits im sections. Although this 
sounds like a lot of work, you will be amazed at how quickly it 
goes, so let’s get started. 


First make sure that the circuit criteria is set correctly to analyze 
the crossover circuit over the high-pass section from node 1 to 
node 5. Then analyze and produce a new graph of the data by 
pressing the keys - 


[F5] 


a en ae eS 
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ry and then when the analysis is completed - 
[Fé] 


which will produce a graph with a high-pass type response as 
shown in figure 1-17. 


112.46827Hz 3. S565560KHa 490° 


20.000000Hz 632.45553Hz 20. 090000kHz 
Figure 1-17 


Graph of the Crossover Network High-Pass Section 


Next, change the output node specified to 9 in the circuit 
criteria section. Then press - 


[F5] 
again to analyze the circuit from node 1 to node 9. Now we want 


to overlay the graph of this new section on the previous graph, 
so the command is - 


/GOP 
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A picture of the composite graph is shown in Figure 1-18, show- 
ing that the magnitude responses of the two circuit paths com- 
plement cach other to deliver equal levels across the audio 
range from 20Hz to 20kHz., 


REF® 635.684645° 
30° 


fees ema = 400° 
; g : -4 5 9° 
112.4682?Hz 3.5565588kHz 
20. 000000Hz 632.45553Hz 20. 000000kHz 


Figure 1-18 
Composite Graph of the Crossover Network 


Notice in the composite graph that the low-pass phase response 
is not shown below about 200Hz. LCAS "clips" response data of 
overlay graphs which do not fit within the scales of the Original 
graph displayed. All of the information can be shown by using 
the manual scale mode on the first graph, or in this particular 
case by graphing the low-pass section of the circuit first. 


Deleting Components 


Now let’s try again a different way. Return to the component 
editor using the [F1] function key. We will first delete the low- 
pass section from the component list and analyze only the high- 
pass section. Place the cursor on the first component of the low- 
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pass section which is the resistor between nodes 1 and 6 (com- 
ponent No. 9). Now start the delete process by giving the slash 
command - 


/D 


and the entire component line will be highlighted. Press the 
down arrow key until the highlighting includes all components 
from No. 9 through 16. The highlighted components are now 
defined, and you press - 


Y 


to confirm that these are the components to delete. They will 
now disappear and are not recoverable except from the circuit 
file on diskette. Go up to the circuit criteria section and set the 
output node to 5 and analyze the circuit using - 


[FS] 


Notice that the analysis is much quicker with only one half the 
number of nodes. Make a new graph using the - 


[Fé] 


function key, which should be identical to the graph produced 
previously over the same circuit path. 


Now we want to separately analyze the low-pass section of the 
circuit, but we deleted it. We must get it from the disk file con- 
taining the full circuit. Load that file again using - 


{F9] {Display page with "MYTEST"} L 
{Cursor to "MYTEST"} [Return] 


This time we will delete the high-pass components numbered 1 
through 8, by placing the cursor on component 1 and pressing - 


/D {Cursor down to include No. 8} Y 


The remaining components are those we wanted but the node 
numbers now skip 2 through 5. Just to see what happens press 
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the [F5] function key to analyze and LCAS complains with a 
beep and the message "NODE 2 SKIPPED". 


Renumbering Component Nodes 


We have to renumber the nodes remaining consecutively from 1 
without skipping any numbers. 


Place the cursor on the first component and give the renumber 
command - 


/R {Cursor down to component No. 8} Y 


Now we are asked for a number to add to each of the node num- 
bers in the existing component definitions. Since we want node 6 
to become node 2 and node 9 to become node 5, the number to 
add is -4 (minus 4). Our response to the prompt is - 


-4 [Return] 


This example was specifically chosen to show a point that must 
be watched for. The original resistor between node 1 and 6 has 
had 4 subtracted from its node numbers. One end of the resistor 
is now tied to ground! This is an unusual case because renum- 
bering typically involves adding numbers to the middle of a cir- 
cuit. But, in this case we have made an error that must be cor- 
rected by placing the cursor on the first node of the resistor and 
changing it to 1. Do that now with the entry - 


1 [Return] 
Then analyze the circuit using - 
[FS] 
and overlay the graph with the et : 


/GOP 
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Our graph should be identical to the first composite produced 
as shown in Figure 1-18. 


To show that there is always one more way to look at a circuit, 
you can try the following exercise on your own. Sum the high- 
pass and low-pass outputs of the crossover network by connect- 
ing nodes 5 and 9 each through a 1k OHM resistor to a new 
node 10. Using node 10 as the output will give a combined fre- 
quency response. 


This completes the second example. Although we covered a lot 
of ground, it should have gone quickly. If you experienced 
problems with any of the exercises in cither the first or second 
example sessions, you should go back and try to discover the 
reasons now. If a review of the example does not resolve the 
problem, then consult the Command Reference in Part 2 for 
more information. 
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Conclusion 


Several other sample circuit files are supplied on the master dis- 
kette. Look through some of these files to see how typical cir- 
cuits are built in LCAS and their response characteristics. More 
information on many of the sample files is included in Appendix 
F, Example Files. 


Don’t be afraid to try any of the functions explained so far or to 
experiment with other functions and commands. There are very 
few ways to lose information that has already been saved in a 
circuit file on diskette. That’s also the purpose of making a 
backup of the master diskette. 


If you’ve been following Part 1 from the beginning you now 
know most of the basics for operating LCAS. The reference 
material in Part 2 should now be read once to see all the 
capabilities and commands available within LCAS. Later, when 
you need a little help you should only require a quick refresher 
in Part 2 and Part 3, or the command summary in Part 4. 


You should also look over the Appendices covering several sub- 
jects, especially those entitled "Often Overlooked Features” and 
"Tips and Techniques". If you work with Phase Locked Loop 
circuits then Appendix D on PLL modeling techniques and ex- 
amples will be most interesting. 
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@ introduction 


This section of the LCAS manual is less tutorial than Part 1, but 
is still descriptive of command sequences required to ac- 
complish common functions or activities. This is to provide for 
easier referencing of information after you are familiar with the 
basics of LCAS. 


This command reference begins with a discussion on issuing 
commands and the menu structure. After that the order of 
covering subjects is the same as the general order of performing 


an analysis. That is: 

Component entry 

Modification of components and circuits. 
Managing Circult files. 

Analysis, including setting the analysis criteria. 
Variations of Graphing data. 

Outputting data to printers and files. 


aaron + 


Figure 2-1 depicts the typical steps in the process of analyzing a 
circuit with LCAS, and shows the relationship between the 
major sections of Part 2 of this manual. 
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Part 2 - Command Reference 


Figure 2-1 Circuit Analysis Process 


Each major topic is covered as a stand alone description so that 
the user may refer to this material later and get a complete pic- 
ture of commands and their related context. 
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" 
d Command Structure 
ees waren Exeembt Hoicie Pier Fice Seven 


LCAS is a command driven program which presents a menu of 
available commands in the menu/prompt line of either the com- 
ponent or analysis screens. A discussion of these terms is con- 
tained in Part 1 under the section title "First Encounter’. 


The underlying command mode when in the component screen 
is assumed to be component entry or modification. This mode is 
depicted by the component list in the menu/prompt line when 
not in the process of executing a command and the cursor is in 
the component definition section of the screen. When the cursor 
is in the circuit criteria section LCAS is set to enter or modify 
data in those cells, 


When the analysis screen is active LCAS is set to review the 
d analysis data, or enter or modify data in the circuit criteria sec- 
tion of the screen only. 


When the graphic screen is active LCAS is set to execute 
graphic commands. These include setting the graphic markers 
and the display of phase, delay, noise power and area under the 
curve. 


Command inputs can be of three types when there is not an ex- 
isting command in process. Commands are chosen by pressing: 


1. Ahighlighted letter selecting one of the options in the 
menu/prompt line or, 


2. A function key selecting one of the options on the 
lower function key reminder lines or, 


) 3. Striking the slash character, "/' which brings up a new 
command menu in the menu/prompt line. 
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Part 2 - Command Reference 


The slash command menu is: 


Analyze Graph Copy Renumber Delete Print Files Set-up Quit 


Notice again that in our text and also on your screen the first let- 
ters of the words on the Menu/Prompt line are displayed in bold 
indicating the key to press for that option. 


Backing Up Within Commands 


Pressing the [Esc] ("Escape") key causes the command level to 
pop back one level, effectively "backing up". The [F10] function 
key is a quick way to abort any pending command and return to 
the main command level. 


Quitting LCAS 


Quitting LCAS returns to the DOS operating system. To quit 
LCAS use the slash command - 


/QY 
representing the quit command followed by a "Y" response to 
the prompt "Exit (Y/N)?". Any information not saved to disk is 
lost when LCAS is quit. 
The LCAS program version number and serial number are dis- 


played at the same time as the confirmation prompt when the 
quit command is invoked. 


Set-Up Command 


The Set-Up command is covered in Part 1 under the section 
titled "First Encounter", “Configuring LCAS". 
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COMPONENT ENTRY 


Component entry is the process of defining a circuit for use in 
LCAS. Component entry assumes that you have previously 
generated a circuit schematic with the nodes numbered accord- 
ing to LCAS conventions. See Part 1 for more information on 
numbering nodes. 


All component entry is accomplished in the "Component 
Screen”. This screen is the first displayed when entering LCAS 
and after loading a circuit file. If presently viewing either the 
analysis screen or the graphic screen, the component screen 
may be selected as "active" by pressing the [F 1] function key. 


If a circuit file is presently in the component screen and it is 
desired to start a new circuit file, the existing components can 
cleared from memory using the "Clear" slash command - 


/FCY 


LCAS will automatically clear the screen and memory of any ex- 
isting components on initial start-up and before loading a new 
circuit file from disk. 


Component entry can be accomplished with or without a circuit 
file in memory. If a circuit file is already in memory new com- 
ponents are added to those existing. The circuit file on diskette 
from which a circuit in memory was loaded is not modified 
however until the circuit is saved to disk under that file name. 


Entering components affects only one cell of the circuit criteria 
section of the screen. That is the "No. OF COMPONENTS" dis- 
play is automatically updated to show the current number of 
components in the circuit description. 
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Part 2 - Command Reference , COMPONENT ENTRY 


The component menu and prompt should be visible in the 
menu/prompt line (second line on the screen). If during com- 
ponent entry other commands have been used it may be neces- 
sary to press [F10] to return to the main command level show- 
ing component types in the prompt. The component 
menu/prompt will only be visible if the cursor is placed on a 
"Type’ cell. 


Pressing the "M" key will show a second line of component types 


available and is used to toggle between the two prompt lines. 
The two component menu/prompt lines are: 


Resistor Capacitor Inductor Op-Amp Transistor FET Menu Cat’d 


and 


X-former T-line OT-line ST-line Det Loop-Amp VCO +N Menu 


Most of the component can be selected even when it is not in 
the presently visible component menu. The exception is those 
components beginning with "I" or "O" since there is more than 
one component selection which uses those letters. 


Starting a new Component Entry 


To enter a new component, or add a new component to an exist- 
ing circuit, the large inverse cursor is placed on the first avail- 
able blank component "Type" cell at the bottom of the com- 
ponent listing. The cursor will go to this blank cell by pressing 
the [End] key (twice if the cursor started in the circuit criteria 
section). Then one of the letter keys is pressed representing the 
desired component as shown by the highlighted letters in the 
menu prompt. If the desired component is not in the present 
menu, press "M" to switch to the other component menu. 
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For instance to enter a resistor press the "R" key. Watch the cur- 
sor and the prompt line change to prompt for the next required 
entry, which in this case is the value of the resistor. 


If you accidentally pressed the wrong key then back up by press- 
ing the [Esc] key to "escape". The left arrow key can also be 
used to escape from the last entry. Any time before the comple- 
tion of all entries for a component the [Esc] or left arrow can be 
used repeatedly to erase entries, i.e. to erase the last two entries 
press the [Ese] twice. 


Value Entries 


LCAS accepts component values in common engineering terms, 
or in scientific notation. Suppose a resistor is to have a value of 
4700 ohms, or in standard engineering units 4.7k ohms. Simply 
enter "4.7k" and press the [Return] key to enter this value. 
LCAS already knows it is ohms since a resistor is being entered. 
You could have just as easily entered 4700 or .0047M or 4.7e3. 
The letter "e" is the scientific notation indicator and means the 
following number is the exponent of 10. 


NOTE: The right arrow key may be substituted for 
the [Return] key in any cell entry. Both result in 
accepting the entry and moving to the next cell 
entry to the right. 


LCAS accepts a full range of common multiplier designators. 
The only point where LCAS differentiates between upper and 
lower case is: 


A small "m" means milll- and alarge "M" means Mega- 


For all designators except the letter "M", LCAS will accept 
either upper or lower-case entries. 
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The accepted list of multipliers is given below. 


Letter Name Power of 10 
a ato -18 
f femto -15 
p pico -12 
n nano Yo 
u micro 6 
m milli 3 
none --- 0 
kK kilo 3 
M Mega 6 
G Giga 9 
T Tera 12 


LCAS formats each numeric input and fits it to the nearest 
power of 10 in factors of 3 as shown above, resulting in a mantis- 
sa between 1 and 999, using standard engineering notation. If a 
value is entered as ".0047M", LCAS would write the value as 
"4,7k". 


Many values may be entered as negative numbers even though a 
"real" component could not normally have a negative parameter 
value. For instance a capacitor may have a negative value in 
LCAS, Frequency, time and length entries cannot be negative. 


Nodal Connections 


After the values and other specifications of a component are 
entered LCAS will ask for the node connections. Remember 
that node 0 is always the ground or common connection. When 
all node connections have been specified, LCAS is now ready to 
begin another component, so it returns to the "Type" column of 
the next line down and awaits a command. 


For a discussion of the nodal description of a circuit, refer to the 
section in Part 1 titled "Nodal Circuit Representation". 


DATUM Systems 2-9 


RTS TSHOSMOO oneveieF be 


ried movig aa meiinitlion to sod bey 


as 
€ oa 
a 6poM 
t SE 
3} get 


- 
MIWI0 Osi) | 2G ome toqer onoemte theo soe & 
“SURED § fri Realig2o1 ovis ewer as Fwy nome OF ew 
6 il soteion sarmcane Srahapt yu OY bos £ oe 


v) a f ; \ fh r rm ® ¢ 
AG! Sify mi Of” Dike 4A. a. MRA, Be hots @ 4 


duvodi move madman ovieuse xs hossias ol vers ee 
HSG srlKyoO # Seed yieuroen jon blvoo IeseogeRey 
Yum SOUaqKO s soured WE, 
WOGRSS od homeo toitties Clagol bes oindt yore ott 
WUERIN SO PULLED aot ai SEES? | yu 


mS ofiey Sviinaes & oved 


ie SHOMONINGD 
36 imwoqers # lo enotisstinoue waite how sondey od 
wsdinsmeA snotioenacs sboe si 10! des Bw BAD Be 
Coo nots) foun we bisuory ony ayewls 1 O ok 
of hart wou a BAD hectionge mood sved eeoitesmunds 
he temulos “oq T oat! Gt aerastor ti 0a ARAOGMY Ie 
anor a dines bes web gull 


- 


Uy 
241 OF Isher Jissud 2 to noligimash lahu oat to momenn 


. fatkoreaqgoR usu hol boebit f ne Dales 0 


—— At A eta meme 


of arnalayé MUTAQ 


LCAS User's Manual Version 2 
errs Manual version 2 


2-10 


Component Figure of Merit or "Q" 


Capacitors and inductors require a "Q" to be entered. AQ entry 
of 0, or no entry, results in an infinite O (representing an ideal 
component). A Q value other than 0 results in the addition of a 
resistor to the capacitor or inductor. The resistor is placed 
either in series or parallel with the capacitor or inductor. 


The classic low frequency Q model dictates a resistor in parallel 
with capacitors and in series with inductors. A high frequency Q 


model however, 
might be the op- 
posite configura- ~“000--W—- 


tion or a combina- 


tion parallel and Classic Low Frequency Q Models 
series resistor. 


If the Q value is entered directly then the low frequency model 
is chosen. If the Q value entered is preceded by a "P" or "S" then 
the method of connecting the Q determining resistor can be 
forced to a parallel (P) or series (S) configuration. Once the 
configuration is chosen then further changes to the component 
Q assume the same parallel or series connection. 


LCAS shows the present connection of the O determining resis- 
tor by a "Qp=" or "Qs =" in the second specification cell for the 
component. 


The Q determining resistor is not shown in the component list. 
Its value is computed at analysis time according to the part value 
and the frequency range of analysis. If the analysis is at linear in- 
crements then the frequency chosen for computation of Q is the 
analysis range midpoint or — 


f, . (start + fstop) 


2 
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Part 2 - Command Reference COMPONENT ENTRY 


If the analysis is at logarithmic intervals then the frequency 
chosen for computation of Q is the geometric mean of the fre- 
quency range or — 


fm = Vf start e f stop 


For capacitors the resistor is calculated by LCAS using the for- 
mulas — 


R= =35 Parallel resistor 


Cor ee 
R a 2 rimcQ Series resistor 


where fm is the frequency calculated above. 
For inductors the formulas are — 


R = 2afmlLQ Parallel resistor 


R= 2aimh Series resistor 


where fm is the frequency calculated above. 


LCAS uses the start and stop frequencies defined in the circuit 
criteria section to compute the Q resistor added to the circuit, 
so when an "expanded" analysis is performed, the added resistor 
value remains unchanged. Expanded analysis is explained fur- 
ther in the analysis section. 


The resistors added to the inductor and capacitor described 
above are used to simulate the performance of real components. 
To properly simulate a component, especially at higher frequen- 
cies, additional parts may have to be added to the circuit in spe- 
cial cases. For instance at very high frequencies, inductors ex- 
hibit capacitance and capacitors and resistors exhibit induc- 
tance. When the specifications for a component do not give 
characteristics at high frequencies, an LCR meter or QO meter 
measurement of an actual component will usually give the 
necessary information. 
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Special T-Line, OT-Line and ST-Line 
Component Entry 


The Transmission Line has four "special" versions, in addition to 
a standard transmission line, for simulation of real devices. The 
four elements are: 


e Microstrip transmission line 

e Coaxial transmission line 

e Balanced transmission line and 
e Delayline. 


The Open Stub and Shorted Stub have all of these special ver- 
sions except the Delay Line. 


Any of these four elements are defined by first selecting the T- 
Line device from the standard component menu. Unless the T- 
Line device is displayed on the menu/prompt line then the "M"” 
key must be pressed first to display it. The first T-Line entry 
prompt for the line impedance also lists "Special". By pressing 
"S" the new component prompt line is displayed as shown 
below: 


Microstrip Balanced Stripline Coaxial Line Delay Line 


Any of these four special T-Line forms is selected in the normal 
fashion by pressing the highlighted letter of the name as dis- 
played. 


Modeied Components 


LCAS contains standard components as part of its basic ele- 
ments. The variations of actual components made however are 
much greater than could be contained within LCAS. Thus for 
very accurate representations of components, especially at fre- 
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Part 2- Command Reference __. COMPONENT ENTRY 


quencies greater than approximately 10 MHz, a component 
model suitable for the particular application must be con- 
sidered. If it is determined that a model is required then it is 
made from the elements provided within LCAS. 


There are two general types of modeled components. Those 
which model basic elements, such as tapped inductors, and 
those that model specific devices, for example an LM318 op- 
amp. Both types are built the same way, and are discussed as ap- 
propriate in each element type in Part 3 (Component 
Reference). 


Two basic component types covered are mutually coupled and 
tapped inductors discussed in the transformer element (X- 
former), and the Operational Transconductance Amplifier 
(OTA) discussed in the Op-amp element. 


Phase Locked Loop Components 


A unique group of components defined in LCAS are the ele- 
ments of Phase Locked Loop (PLL) circuits. They provide a 
powerful added capability. These components may not be con- 
sidered "linear" by themselves, but the complete phase locked 
loop they represent normally exhibits a linear response vs. fre- 
quency. The modeling of these components in LCAS gives 
analysis capability outside the reach of most other linear 
analysis tools. 


The elements provided for phase locked loops are applicable to 
the general area of feed-back control systems of which phase 
locked loops are a subset. 


The PLL devices included in LCAS are: 


Phase Detector 

Loop Amplifier 

Voltage Controlled Oscillator 
Divide by N 
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The uses and design of phase locked loops is beyond the scope 
of this manual. For more information on the design of phase 
locked loops, consult textbooks available at your local technical 
library, or from component manufacturers. Appendix D of this 
manual contains a mini-tutorial on the use of PLL components 
within LCAS. That Appendix also contains many examples of 
modeling typical phase locked loop components. 
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Part 2- Command Reference CIRCUIT MODIFICATION 


CIRCUIT MODIFICATION 


Circuit and Component modification is a normal part of the en- 
gineering and testing of a circuit. It helps you discover the effect 
of component value changes with temperature or aging. It can 
also give a graphic representation of the affect on circuit perfor- 
mance due to component changes. The ease with which com- 
ponents and circuits can be modified adds a "what if" capability 
to LCAS. 


Specific results are generated depending on the particular type 
of modification accomplished and will therefore be covered 
separately below. 


The types of modifications possible in LCAS are: 


Direct Component Modification 
Insertion of Components 
Copying Components 

Deleting Components 
Renumbering Nodes 


These are in addition to the ability to add components to the 
component list. 


The modification of a circuit does not affect a circuit file which 


was the source of a circuit description. Modified circuits can be 
saved to disk under an existing name or a new name if desired. 
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direct Component Modification - 
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The general method of accomplishing component modification 
is to place the large inverse cursor on the component, value or 
node number to be changed and simply entering the new infor- 
mation. Component modification can only be accomplished on 
the component screen. 


General considerations of changing either the component’s 
type, specified values or nodal connections are given below. 


Type - When the component type is changed the other 
parameters are automatically erased and must be re- 
entered. 


Value - The value of an existing component can be changed 
without affecting other component entries. To change the 
value of a capacitor from 1uF to 2.2uF, simply place the 
cursor on the value cell and type 2.2u and the [Return] 
key. The new value is now entered and the circuit can be 
re-analyzed. 


The value of a component can also be changed using the 
"%" and "R%" functions. For instance to increase a 
component’s value by 12%, place the cursor on the 
desired component value and type - 


12% 
To reverse this process and return to the previous value 
type - 

R12% 
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To reduce the value by 12%, type - 


-12% 


And again to reverse this process type - 


R-12% 


Node - Node numbers may be changed without affecting other 


component entries. Be especially careful to leave a com- 
plete circuit with all connections intact after node 
modifications are complete. 


Node numbers must be used consecutively from 1 through 
the highest node number used. Node numbers cannot be 
skipped and all nodes must have more than one com- 
ponent lead connected except the circuit input and output 
nodes. 


Node numbers are not checked for connections at entry 
other than to determine if they are negative or out of 
range. At analysis time if there are nodes with only one 
connection or skipped node numbers, then an error is 
generated. 
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To insert a component into a circuit and into an existing com- 
ponent list simply place the cursor on the component you want 
to insert before. The [Ins] key toggles the insert mode on and 
off. When the insert mode is active a small "i" is displayed on the 
far right of the component type menu. With the insert mode ac- 
tive, a new component type letter entry will push down the com- 
ponent list by one to give room for insertion. The insert com- 
mand does not change the node numbers of any existing com- 
ponents. 


With the insertion mode "off" a new component type entry will 
overwrite the component listing at the cursor position. The pre- 
vious component entry can be recovered at any time before all 
new component entries have been completed. The [Esc], left 
arrow key and [F10] function key can all be used to abort the 
new component overwrite process. Note that the [Esc] and left 
arrow key must be used repeatedly to back over the "type" cell 
before the previous component is retrieved. 


Sometimes it is necessary to insert a new component in series 
with an existing circuit between two component leads presently 
connected to the same node. LCAS provides an easy method of 
accomplishing this by using the renumber command described 
below in "Renumbering Nodes" to leave a gap between nodes to 
insert the new component. The [Ins] key can then be used to 
place the component in the proper place in the component list. 


An example of component insertion is given in Figures 2-2 and 
2-3 representing before and during insertion, respectively. The 
circuit used for this example is the "BP" circuit of Part 1’s first 
example work session. To accomplish the insertion of a resistor 
into the circuit in series with the capacitor between nodes 2 and 
3, the following sequence would be used. 
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Part 2-Command Reference _ CIRCUIT MODIFICATION 
Wate -Lommand Reference ss CIRCUIT_MODIFICATION 


: First the insert mode is toggled on by pressing the [Ins] key. 
® Note the lower case "i" at the end of the prompt/meau line in 
Figure 2-2. 


Next the cursor is placed in the "Type" column of the line con- 
taining the component to be pushed down to make room for the 
insertion of the new resistor. This is the capacitor as shown in 
Figure 2-2. 


Insert mode indicator 


cna ras were] 
Resistor Capacitor Inductor Op-Amp fransistor FET Menu Caont’d if 
| Input nope= 1 | ourPUT nopE= 6 | START FREQ=4 .e8eerte | STOP FREQ=6.3207%ie 


NUMBER OF BATA POINTS=108 | SUEEP=Log Ho. OF COMFONENTS= 12 MENUS 7 


Pres[ vere | _racication 
Sa rs oe 
fae [int ceeer| eviedinres fae 2 
, aie [iett oom] evtoaten fen 2 | 


FizComponent-Scrn F2=fnalyeie—Scern Fa=Graphic-Scrn F4=Print Fo=malyze 
Fo-Graph F7>Save-Ciroult Fa=Load-Circuit F3=Directory-Circult Fid-Eecape+ 


Figure 2-2 
BP Circuit Components Before Insertion 


Press the "R" key for resistor just like a standard component 
entry. The present state of the screen is shown in Figure 2-3. 


Note. If the “insert' mode is not on as evidenced 
by the "i" indicator the procedure above will 
replace the capacitor with the new resistor. 
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COMMAND: Valua in Ohne 7 CIRCUIT FELE NAME: BP 
Resistance 1,8008a2 < Value < 1860.8T2 


Mo. OF COMPONENTS= 12 
2 
feiowen] wctainie | 


Val=1 .@Be@uH 


=Conponant—Sern F2=fAwalysie-Sern F3=Graphic-Sorn F4ePr int FS=fma lyze 
F6=Graph F7?=Save-Clirouit F=Load-Circuit ¥F3=Directory-Ciroult Fi8=Escape- 


Figure 2-3 
BP Circuit Components During Insertion 


After completion of the resistor entry, the node numbers of the 
components from the capacitor through the last component 
must have 1 added to each except the ground nodes. This can be 
accomplished either manually or with the renumber command. 
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EO ne ace ee 
Copying Components - 


In the design of a circuit it is sometimes useful to copy one or a 
group of components. For instance a multi-section filter is 
usually composed of repeated sets of the same component 
groups with different component values. Copying is ac- 
complished by placing the cursor on the first component to be 
copied, and using the copy command - 


IC 


This will highlight the component the cursor is presently on. To 
select more than one component use the up and down arrow 
keys to highlight the group. When the desired components have 
been selected, pressing "Y" will confirm the selection and copy 
the highlighted components to the end of the component list. 
Pressing "N" will cancel the operation. Either "Y" or "N" may be 
lower case. 


The copied components are automatically numbered beginning 
with the last node used. The circuit criteria cell for "Number of 
components" is updated to reflect the added parts. 


Remember that when components are copied, other nodal num- 
bers may have to be changed to connect these new components 
correctly. The input and output node may also have to be re- 
specified. 


The highest numbered node in the existing component list is 
used as the lowest or starting point node number of the copied 
component(s). 


a 


To "Move" a group of components, first copy them to the 
desired location and then delete the original components. Take 
9 care to properly renumber the nodes as required. 
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Components are deleted by placing the cursor on the first com- 
ponent to be deleted, giving the slash command - 


/D 


This will highlight the component the cursor is presently on. To 
select more than one component use the up and down arrow 
keys to highlight the desired group. When all desired com- 
ponents to be deleted have been highlighted, press the "Y" key to 
confirm the deletion or the "N" key to cancel the operation. 
Either "Y" or "N" may be lower case. 


Remember that when components are deleted, other nodal 
numbers may have to be changed to reconnect the circuit’s inte- 
rior components. The input and output node may also have to 
be re-specified. 


Deleted components are removed from memory and are not 
recoverable unless the circuit description was previously saved 
to disk. It is usually easy to regenerate small circuits, but in some 
applications you may desire to save a circuits description to disk 
successively under different names to ensure recoverability. 
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d Renumbering Nodes - 


Renumbering the nodes of individual components can be 
manually accomplished by placing the cursor on the node to be 
changed and entering a new node number. 


Renumbering successive components nodes is easily ac- 
complished in LCAS by locating the cursor on the first com- 
ponent to be renumbered, and giving the slash command - 


/R 


This will highlight the component the cursor is presently on. To 
select more than one component use the up and down arrow 
keys to highlight the desired group. When all desired com- 
ponents to be renumbered have been highlighted, press the "Y" 
key to confirm the selection or the "N” key to cancel the opera- 
tion. Either "Y" or "N" may be lower case. 


Next, in response to the prompt, specify the increment to add to 
the existing node connection numbers. The increment entry can 
be positive or negative. 


Renumbering does not affect node 0 (ground) connections. 


Note ! 

if a negative increment is specified and that 
increment will make a node number less than or 
equal to 0, it will be made 0. The 0 node is the 
ground and may have be changed to the proper 
nodal connection point. 
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ANALYSIS CRITERIA 


The specification of the analysis criteria tells LCAS the basics of 
how the circuit is to be analyzed. Each of the required entries in 
the “circuit criteria” section of the screen is discussed below. 
Changes to the circuit criteria may be accomplished in either 
the component or analysis screen. 


All entry or modification to values in the Circuit Criteria section 
is accomplished by placing the cursor on the appropriate "cell" 
and entering the new value. The existing value is shown in the 
command cell and will be accepted as is by pressing the [Esc], 
{F10], arrow or [Return] keys without entering a new value. 
The range of acceptable values for each entry is displayed in the 
menu/prompt line. 


Entries outside of the displayed range will cause a "beep" and 
rejection of the value. A proper entry is accepted and placed in 
the cell after pressing one of the cursor control arrow keys or 
the [Return] key. 


input Node - Specify in this cell the node to be used for the 
input circuit excitation. The circuit excitation is a 1 volt 
root-mean-square sinusoidal signal, with a zero ohm out- 
put impedance. Also see the preceding Part 1 on "Inputs, 
Outputs, Sources and Terminations. 


Output Node - Specify in this cell the node at which the output 
response is to be read. The specification of a node as out- 
put presents no loading to the circuit. Also see the preced- 
ing Part 1 on "Inputs, Outputs, Sources and Terminations. 


Start Frequency - Specify in this cell the frequency in Hertz 
that the analysis is to begin on. All the standard engineer- 
ing and scientific multipliers are applicable. The start fre- 
quency is the first point that is analyzed, so include it as 
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one point when determining the desired number of data 
points, below. 


The start frequency cannot be greater than the stop fre- 
quency. 


Stop Frequency - Specify in this cell the frequency in Hertz 
that the analysis is to end on. All the standard engineering 
and scientific multipliers are applicable. The start fre- 
quency is the last point that is analyzed, so include it as 
one point when determining the desired number of data 
points, below. 


The stop frequency cannot be less than the start frequen- 
cy. The stop frequency can be the same as the start fre- 
quency if only one data point is specified. 


Number of Data Points - Specify in this cell the desired num- 
ber of data points in the range of 1 to 300. If only one 
point is specified it will be at the stop frequency. If two are 
specified, one will be at the start and one at the stop fre- 
quency. Inputs outside the range of 1 to 300 will not be ac- 
cepted. 


The number of data points is not the same as, but is 1 
greater than, the increment of the frequency steps desired 
divided into the difference between the start and stop fre- 
quency. For example to get 10 even steps of 1 MHz each 
when analyzing with linear steps from 10 to 20 MHz, use 
11 data points. 10 data points would only result in 9 incre- 
ments of analysis and an odd frequency step size. 


See the "Selection Criteria" at the end of this section for 
more information on choosing the number of data points. 


Sweep Mode - LCAS provides both linear and logarithmic 
sweep modes. Many engineers prefer to use the logarith- 
mic mode when analyzing over frequency ranges greater 
than one decade. Place the cursor on the sweep cell and 
enter either "L" for linear or "N" for non-linear (logarith- 
mic) sweep. 
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The sweep mode selection made for analysis purposes also 
effects the graphing function, described later. Selecting 
the linear mode results in frequency steps which are deter- 
mined by the formula: 


freq. increment = Stop - start freq. 
number of data points -1 


The resulting frequency increment is added to the last fre- 
quency analyzed at each of the data points, beginning with 
the start frequency. 


Selecting the logarithmic mode results in frequency steps 
which are logarithmic and determined by the formula: 


_!0g10 (stop / start freq.) 
freq. multiplier = 10 number of data points - 1 


At each new data point in the analysis a new frequency is 
generated by multiplying the last frequency analyzed by 
the frequency multiplier, beginning with the start frequen- 
cy. 


Selection Criteria 


You should consider several factors when choosing the frequen- 
cy increment, sweep method and number of data points for a 
circuit. Many engineers prefer to use linear increments for fre- 
quency ranges less than approximately 1 octave, and logarithmic 
increments for ranges greater than 1 octave. Multi-decade fre- 
quency ranges are almost always viewed against a logarithmic 
frequency scale. 


Graph functions for overlaying multiple analysis information re- 


quires in most cases that the frequency increment and number 
of data points by the same for all sets of analysis data. 


DATUM Systems 


” S rvaneV touneM east! 2 
Oaks aseoduay aievisis wl sbem notte shen ¢ 
gritovis® .rtnl bednozsh soitseo! gridqury 
“hab os dauiw aqate yonsuporl ai atlas shom 
slo od 


pan 1 nate - w-goR 
'. ginlod ated to tedetun 


A 


~911 taal adi ot bobbe al inomerant yasupsd gait 

djrw gtinciged zimiog ateb alt lo roee is bovylens ¥ 
yore pad & 

J 4 


acyom Yorrouporl at «Hoes: obom oimitizenel adit re 
‘slammer a3 vd besornoteb hes sineioggol ae 


ini poe NB 3a \ ge ug e; Lo 20! —_ 
f - arog sted io vedi é Of = Toile 


a yonsupstt wea sg Bey) Ce ot ad Smog sieh won doce 
Te | f ST VEGie vot! ws vi ial =) goryiqutliun ed Jed 3 Tle 


oar 5 ‘ om 
nwo wha 30) iiw samamed ik lige cmncupen 


eiretind a 


EEN 


as te ty yor oo yarexodo mw avotast learwad rabiaon bi | 
8 a9 arreiod siuly bo whan bas bodiog CIO ea 
“oT wh eam ipanil san Ot Wit sTokateaD VA | 
Sn Dee verso I yiateninozgcs med) cael oe 
“9! ahaned-itivd .svaino I neds tin 97%] LET wk j 
Drea? enol e izes ea) ‘bémely conte toms o1g.2 


= sonal nevines aiqitives garyelrevo rol amis 
wikoue, bag jnomoxoni yonoupe svt Jed) asaeo MoM 
add etavlowe to 200 lly vot ooae okt qd 


Oe AS «A 


Part 2-Command Reference _ ANALYSIS CRITERIA 


Misleading information will result if too few data points are 
chosen when the rate of change of a circuit’s magnitude, phase 
or delay response is very high or changes direction. The selec- 
tion of logarithmic sweep mode also increases the step size 
toward the stop frequency and may result in steps too far apart. 
Any suspicious data observed when graphing can be checked by 
increasing the number of data points, reducing the frequency 
range or performing an expanded analysis about the area of in- 
terest. 


For proper functioning of the phase computations the phase dif- 
ference between two data points should be less than 180 
degrees. LCAS chooses the shortest path around the unit circle 
representing plus and minus 180 degrees of phase shift. For ex- 
ample in a circuit with a constantly decrementing phase angle, if 
one step was negative 210 degrees, the step would be inter- 
preted as plus 150 degrees (being the shortest path) and display 
on the graph as a phase direction reversal. 


The delay response is especially critical to the selection of the 
number of data points. The delay is calculated based on a point 
before and after the specific frequency of analysis, and is repre- 
sentative of the rate of change of the phase vs frequency change. 
The points must be sufficiently close to capture the peak slope 
of the phase response. One indication of an inaccurate com- 
putation would be if an increase in the number of data points 
causes a significant change in the delay response. 


Another more general indication of insufficient data points for 
any response would be arrived at by observing the graphed 
response. If peaks of any response have flat tops or sharp points 
then there may be a missed peak. If the graphic markers ate 
placed successively at points about the peak of the response, 
and there is significant change between points, then more data 
points may be required to resolve it accurately. 
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CIRCUIT FILES 


Nothing would be more tedious than to have to re-enter the 
component list for a circuit each time you wished to perform an 
analysis. LCAS provides a very straightforward and easy to use 
set of circuit file commands. These commands allow you to save 
a file to disk containing ail the component parts and nodal inter- 
connections in addition to the analysis criteria. This circuit file 
can later be reloaded as a complete file or merged into a new 
circuit description underway. 


Circuit files may be kept in a separate directory or in multiple 
directories on different drives. LCAS uses the default drive and 
path chosen in the "Set-up, Default Drive, Circuit Files" com- 
mand for all circuit file operations. Refer to Part 1 for specifics 
on setting the default drive. 


The circuit file operations provided in LCAS are: 


« Directory 

e Saving 

e Loading 

e Merging 

e Erasing 

e Naming 

« Clearing (from memory) 


Each of these operations is discussed separately below. 
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nr 
: Getting a Directory of Circuit Files 


A directory of the LCAS circuit files on the current default disk 
drive and path (see Configuration in section 1) is given by the 
slash command - 


/FO 


or the function key [F9]. The directory function only selects 
those files on disk with the extension ".LCA". The directory is 
shown in two columns, each giving the circuit name, date and 
time of the last save. The .LCA extension is not shown. If the 
component screen is not currently active, then it is switched to 
prior to the display of the circuit directory. The circuit directory 
overlays the component screen, and is removed by pressing 
ie either the space bar, [Esc] or the function key [F10]. 


Performing a directory of circuit files returns to the "Files" com- 
mand prompt - 


Directory Save Load Merge Erase Name Clear < Files Cont’d > 


while leaving the directory displayed. The prompt "Files Con- 
tinued" is only present if more files were located on the 
drive/path than could be displayed. 


The directory listing can hold 30 files on one screen. If the num- 
ber of circuit files is more than one full screea then the menu 
prompt will have the words "< Files Continue>" displayed at 
the end, indicating that more file names are available. Pressing 
the "F" key will scroll the display to the next page. To view the 
first page again the [F9] or "D" key is required. The present dis- 
played screen of circuit files can be held and any of the "Files’ 
i commands entered by simply pressing the key for the desired 
command. See the section below on File Functions from the 
Directory for more information. 
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If no files with the extension "LCA" are found on the current 
default drive, then the message "NO FILES FOUND!!!" is dis- 
played. If the drive door is not closed, the disk is unformatted or 
no disk is present then the message "DRIVE NOT READY!!!" is 
displayed. In either case, correct the problem and repeat the 
command. 


LCAS will perform a directory of files on the circuit files default 
drive and path. To select another drive or path, change the 
default using the set-up drive slash command - 

/SDC 


It is often useful to separate groupings of circuit files into direc- 


tories for maintenance of projects, customers, etc. or just to 
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separate types of circuits. 


File Functions from the Directory 


When the directory is completed, or any page of a multi-page 
display is shown, the menu prompt returns to the "Files" com- 
mand menu and allows you to execute or continue with file func- 
tions while the directory remains displayed. 


Selecting the "Load" or "Merge" function at that time leaves the 
present page of the directory displayed and places a highlight 
cursor on the first file listed. The cursor can be positioned over 
the desired file to load (or merge) by using the cursor control 
keys. The file is then loaded (or merged) using the [Return] 
only. 


The Save, Erase, Name and Clear functions also leave the direc- 
tory displayed which is useful in checking spelling or determin- 
ing the names of related files. These functions do not allow the 
selection of a file with the cursor, however. 
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Saving Circuit Files To Disk 


Once a circuit is described it should be immediately saved on 
diskette to avoid inadvertently losing the information. Even if 
the circuit description is not completed, it is a good idea to save 
the circuit description occasionally, especially for large circuits. 
Circuit descriptions are saved with the slash command - 


/FS 


or the function key [F7]. When LCAS asks for the file name, a 
name of 8 characters or less should be given followed by the 
[Return] key. The standard DOS file name rules apply to the 
circuit file name. No extension should be given as LCAS always 
supplies the extension ".LCA" to allow it to recognize circuit 
files on disk. 


If the circuit has been previously named or saved or was 
originally loaded from a circuit file then a name is already as- 
signed to the circuit. That name will be shown in the "Circuit 
File Name" cell in the upper left of the display screen. To accept 
that name for saving the circuit, just press [Return]. To save the 
circuit under a different name and update the Circuit File Name 
cell accordingly, type in a new file name and press [Return]. 


LCAS saves all the information entered into the circuit criteria 
section of the display screen as well as the component descrip- 
tion. This saves having to remember and repeat the normal 
criteria for analysis of a given circuit. To use this feature, a cir- 
cuit description should be saved a final time when all the criteria 
and component descriptions are finalized. 


LCAS normally saves circuit files to the circuit files default 
drive and path. To save a file to another drive, simply add the 
drive designator to the file name when prompted as in - 


A:filename or B:filename 
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Alternately, change the default drive and path using the Set-up 
Default drive slash command - 


/SDC 


If a file by the same name already exists on the disk, then LCAS 
will request confirmation to overwrite the existing file with the 
new information. If the diskette has insufficient room to store 
the file then the message "DISK FULL!!!" is displayed. At that 
time replace the diskette with one containing enough room and 
repeat the command, or erase old or unused circuit files using 
the slash command - | 


/FE 


If the drive door is not closed or no formatted disk is present in 
the drive then the message "DRIVE NOT READY!!!" is dis- 
played. In either case, correct the problem and repeat the com- 
mand, 


Saving a file to disk does not change or erase the information in 
memory. The form of the information saved to disk is given in 
the appendices. 


The directory command or [F9] can be used to display a list of 
the files presently in the designated drive and path during the 
circuit saving process. This feature is handy when checking 
spelling or the names of related files. 
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Loading Circuit Files From Disk 


Previously saved circuit files can be loaded into LCAS with the 
slash command - 


/FL 


or the function key [F8], followed by the name of the file to 
load. 


Simplified Load Procedure 


LCAS provides a simplified load procedure where the file name 
does not have to be typed in. First get a directory of the circuit 
files using the - 


/FD 

or 

[F9) 
command. If there are more files than will fit on one screen then 
use the "F" key for the "files continued" function if necessary to 
display the desired filename. The 'Files" menu prompt will 


remain on the screen allowing you to enter the load command - 


L 


which will present a highlighted cursor over the first file name in 
the file directory listing. Place the cursor over the desired file 
name to load using the cursor control keys and press [Return] 
to load that file. 


LCAS will load files from the default drive and path selected in 
the set-up configuration under "Default Drive, Circuit Files". To 
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load a file from another drive, simply add the drive designator 
to the file name when prompted as in - 


A:filename or B:fitename 


You cannot use the simplified load procedure when specifying a 
different drive by this method. Alternately, change the default 


drive and path using the Set-up Default drive slash command - 
‘SDC 

and then use the - 
[F9] L 


loading option. 


When LCAS loads a new circuit file, the circuit listing presently 
in memory will be cleared. 


If no circuit with the name given is found on the disk then LCAS 
will return with the display "FILE NOT FOUND!!!". It is 
probably best at this point to perform a directory of the diskette 
to make sure the desired file is on the disk and the filename 
spelling is correct. 


If the drive door is not closed or no formatted disk IS present in 
the drive then the message "DRIVE NOT READY!!!" is dis- 
played. In either case, correct the problem and repeat the com- 
mand. 
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9 Merging Circuit Files 


The ability to merge circuit files is a very powerful feature that 
allows common circuit "modules" to be kept on disk and used 
repeatedly in new circuits. These "supercomponents" are the 
equivalent of a set of software "macros" available for common 
software functions. 


Merging provides the capability to design a large circuit as 
several small functional blocks. Thus each block can be analyzed 
in detail alone, probably faster than the larger circuit. Later, the 
individual blocks can be merged into the entire circuit and the 
overall operation examined. 


Merging also gives you the ability to design common test and 
. analysis tools, then, pull them temporarily into a circuit to deter- 
) mine some specific aspect of its operation and later discard. 


A file is merged into an ongoing circuit definition by placing the 
components from the circuit file at the end of the component 
list. The merged components have node numbers in the same 
sequence as the circuit when it was saved to disk, but are num- 
bered beginning with the last node number in the present com- 
ponent list before the merge. The merged file does not change 
the circuit criteria section of the present circuit other than up- 
dating the output node. The easiest way to merge a circuit 
without too much node re-numbering is to merge circuits files at 
the point where they belong in the circuit instead of waiting until 
all other components are defined. 


A circuit file is merged into a component list with the slash com- 
mand - 


/FM 


and responding with the name of the circuit file to merge. 
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LCAS will merge files from the default drive and path. To 
merge a file from another drive, simply add the drive designator 
to the file name when prompted as in - 


A;filename or B: filename 


Alternately, change the default drive and path using the See 
default drive slash command - 


/SDC 


LCAS provides a simplified merge procedure where the file 
name does not have to be typed in. First get a directory of the 
circuit files using the - 


/FD 
or 
[F9] 


command. If there are more files than will fit on one screen then 
use the 'F" key for the "files continued" function if necessary to 
display the desired filename. The "Files" menu prompt will 
remain on the screen allowing you to enter the merge com- 
mand- 


which will present a highlighted cursor over the first file name in 
the file directory listing. Place the cursor over the desired file 
name to merge using the cursor control keys and press [Return] 
to merge that file. 


There must be components presently defined in the editor 
before a circuit file can be merged. If the component list is 
presently clear then the error message "NO COMPONENTS 
TO MERGE !!!" is displayed in the menu/prompt line. 
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2) Erasing Disk Files 


Circuit files may be erased on the circuit files default drive and 
path using the slash command - 


/FE 


and giving the name of the file to erase at the prompt. An erased 
circuit file cannot be retrieved. The wildcard character "?" can 
be used to specify groups of files to be erased. For instance if 
you had successively saved files by the name “CIRCUIT1', 
"CIRCUIT2", etc., they could all be erased by specifying the 
name 


CIRCUIT? 


) LCAS will only erase files on the circuit files default drive and 
| path. To erase a file on another drive, simply add the drive 
designator to the file name when prompted as in - 


A:filename or B:filename 


Alternately, change the default drive and path using the set-up 
default drive slash command - 


/SDC 


The directory command or [F9] can be used to display a list of 
the files presently in the circuit files default drive and path 
during the circuit erasing process. The use of the highlighted 
cursor to select files for deletion is not provided for safety. This 


feature is handy when checking spelling or the names of related 
files. 


9 Circuit files or any other disk files may also be erased using 
, DOS. LCAS keeps no separate record of files which would be 
harmed by erasing from DOS. 
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When a circuit is saved to disk, LCAS asks for a name to assign 
to the circuit file. It is often convenient to be able to name cir- 
cuit files before or without saving to disk, or to change the name 
of a circuit loaded from disk. This allows applying specific 
names for outputting data to a printer. A circuit in memory is 
named using the slash command - 


{FN 
and supplying the new name at the prompt. 


An example of the use of the name command might be the suc- 
cessive naming of a circuit Test1, Test2, Test3 etc. as the circuit 
parameters are changed and a new graph is produced and 
printed. Thus each printout is supplied with a different name for 
ease of identification later. 


The option to change the name of a circuit file in memory is of- 
fered each time the circuit is saved to disk using the file save 
command. Therefore the file name command is not required 
before saving a circuit under a different name. 


The directory command or [F9] can be used to display a list of 
the files presently in the circuit files default drive and path 
during the circuit naming process. This feature is handy when 
checking spelling or the names of related files. 
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Clearing A Circuit File In Memory 


The present circuit description including the component list and 
circuit criteria can be erased from memory using the slash com- 
mand - 


/FCY 


where the "Y" represents the yes response to the safety prompt 
requiring confirmation before clearing the memory. 


Once erased the circuit description is gone forever from 


memory. The file clear command does not affect any files on 
diskette. 
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CIRCUIT ANALYSIS 


The analysis of a linear circuit is the central core of LCAS’ func- 
tions. The component and circuit entry, editing and file handling 
capabilities make it easy to create circuits for LCAS to analyze. 
The output and graphic capabilities use the analysis results to 
produce easily interpreted data. Because of this, special em- 
phasis has been placed on making the analysis function both fast 
and error free. Most of the analysis routines in LCAS are writ- 
ten in assembly language for speed, and uses special routines to 
maintain the required accuracy beyond the capability of most 
compiled languages. 


The installation of a Numeric Data Co-processor (8087 or 
80287/80387) in your computer will increase the speed of 
analysis by 5 to 10 times. If you have a Numeric Data Co-proces- 
sor installed, LCAS must be made aware of it before it is used. 
Refer to the configuration section in Part 1 for more details. 


Analysis of a circuit requires that the circuit analysis criteria 
section be completed. A beep and momentary prompt of "BAD 
ENTRY!!!" will result if one of the analysis criteria elements is 
incorrect, LCAS will place the cursor on the criteria cell that 
appears to be incorrect. 


Initiating the circuit analysis is accomplished by using the slash 
command - 


IA 


The [F5] function key can alternately be used. Both commands 
are identical and result in immediate analysis, unless the circuit 
has already been graphed and the graphic markers set for an ex- 
panded analysis. See the Expanded Analysis section below for 
more information. 
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When analysis has been initiated, the display is switched to the 
"Analysis Screen". The top portion of the analysis display screen 
is the same as the component screen, but the component list is 
replaced by the tabular printout of the analysis results. 


Analysis will continue until all points between and including the 
start and stop frequencies have been analyzed. 


The analysis process may be terminated at any time before com- 
pletion by pressing any key. Terminating the analysis does not 
invalidate any of the completed data. If a graph of the ter- 
minated analysis data is requested, the stop frequency for the 
graph is chosen at the last completed step. 


The analysis proceeds at a rate determined by the number of 
nodes in the circuit, and is independent of the number of com- 
ponents placed between those nodes. If you are curious enough 
to time some analysis, you may notice differences between cer- 
tain circuits with the same number of nodes. That is because 
some components add "internal nodes" to the circuit during cal- 
culation. For instance a capacitor that has been given a series 
loss Q factor that is finite has an internal node added to connect 
the series resistor used to simulate its Q. Components which 
add internal nodes are: 


Capacitors with finite Q specified as series loss 

Inductors with finite Q specified as series loss 

Transformers 

Loop Amplifiers 

VCOs 

+N, with a non-zero delay specified 

Delay Lines 
Each of these components adds one internal node during the 
analysis computation except the Loop Amplifier which adds two 
nodes. The added internal nodes reduces the maximum number 


of nodes allowed from the limit of 64, but do not reduce the 
maximum number of components from the 128 limit. 
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The analysis results are printed in four columns giving the mag- 
nitude and phase response of the defined circuit versus frequen- 
cy. The magnitude is given in linear (volts RMS) and logarith- 
mic (decibels relative to 1 volt RMS) format. The phase angle is 
given in degrees relative to the input. Any of the data may have 
engineering multipliers applied and will be displayed with the 
letter designation as appropriate. This gives much greater ac- 
curacy for both very small and very large numbers. Do not be 
surprised to see mdB for milli-deciBels as well as the more com- 
mon kilo- and Mega-Hertz. 


When the analysis is completed, the results may be scrolled 
through using the cursor control keys. One line of the analysis 
results is highlighted. The up and down arrow keys move the 
highlighted results up and down one item at a time. The {PgUp] 
and (PgDn] keys move up and down one page at a time, and the 
[Home] and [End] keys move to the first and last result, respec- 
tively. 


The [F1] function key can be used to change to the component 
screen and the [F2] function key used to return to the analysis 
results screen. 


Errors inthe Analysis Process 


There are two types of errors that can occur during analysis. 
The first is an error in the circuit description that LCAS can 
determine and report. The second is an under or over-flow in 
computation. An under or over-flow can also result from an 
error in the circuit description such as an incomplete path from 
the input to output node. 


Errors which are trapped and reported at analysis time include: 


e Anode with only one component lead connected. 
(except the input and output nodes) 
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e Non-consecutive node numbers which skip one or 
more node numbers. 


Under and over-flow errors are caused by insufficient precision 
or dynamic range in intermediate calculations. These errors are 
displayed during the analysis process by use of the plus or minus 
infinity instead of a value output for the response at one or more 
data points. Under or over-flow can occur in the magnitude 
response and the phase response still remain accurate due to 
the difference in calculation method used for these two values. 


It is very rare for there to be an under or over-flow error when 
using the 8087/80287 co-processor in a correctly entered circuit. 
If this does occur it is likely caused by a circuit connection or 
value error. 


Under or over-flow is more likely to occur when not using a co- 
processor. This is because of the reduced dynamic range 
without the co-processor. It is difficult to determine in advance 
if a circuit will suffer from under or over-flow calculation errors. 
The "FWD_TRAN.LCA" circuit file on the master diskette is an 
example of a file which will not analyze properly without the 
8087. 


Suggestions for solution to under and over-flow problems are 
given in the Problem Locator, Appendix J. 
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An analysis is normally performed strictly according to the 
criteria defined in the top of the component or analysis screen. 
After graphing the analysis results you may want a more 
detailed or "expanded" analysis of a portion of the frequency 
range displayed on the graph. This allows analysis of interesting 
details of the response. 


Expanded analysis requires the use of the graphic screen, so a 
review of the graphic section may be required before the follow- 
ing explanation will be meaningful. 


To accomplish an expanded analysis, the graphic markers are 
used to bound the frequency range of interest on the graph. 
Graphic marker 1 may be used alone to set a new upper fre- 
quency limit, or marker 2 alone to set a new lower frequency 
limit, or both markers may be used to bound the start and stop 
frequencies desired (see the graphic section for more detail on 
using the graphic markers). Next request an analysis using the 
slash command - 


/A 


The [FS] function key will zot work to perform an expanded 
analysis, but will instead perform a regular analysis. The prompt 
line of the screen will present a new menu, displaying: 


Analyze Expanded Analysis 


Select the "E" option for Expanded Analysis and a new analysis 
will be performed using the graphic marker derived start and 
stop frequencies. 
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The expanded analysis results may now be graphed or output to 
printer or file just as any other analysis. An easy way to return to 
the full analysis range is to strike the [F5] function key. 


Note that when performing an expanded analysis, the frequency 
used for Q calculation remains unaffected, in other words the Q 
determining resistors are calculated as if the normal start and 
stop frequencies are unchanged. 
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GRAPHICS 


Introduction 


In the case of engineering data, a picture is truly worth a 
thousand words. LCAS’ facility with graphing analysis results 
make it a pleasure to use. If you do not have a color/graphic or 
EGA adapter, you are missing an important part of LCAS’ 
functionality. LCAS can make new graphs from data, and over- 
lay, add and subtract other data onto an existing graph. Each of 
these subjects is covered in more detail below. 


Section Layout 


LCAS includes extensive graphics options and variations. Be- 
cause of the many possible variations in graphing data, this sec- 
tion begins with a layout of how the remainder of the graphics 
topics are organized. 
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GRAPHICS 


Introduction 
Section Layout 
The Graph Menu 
Initial and Subsequent Graphs 
The Graph Screen 
Graph Data Sources and Routes 


Graph Options 
Setting the Graph Scale Mode 
Graphic Markers 
Plotting Delay Response 
Noise Power Display 


Area Under the Curve 
Phase Jitter Calculation 


») NewGraph 
Addition and Subtraction 
Present Only 


Overlay Graph 


Addition and Subtraction 
Present Only 


Graph Data File 
Loading the Data File 


Menu Options 
About Data Files 
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The Graph Menu 


Graph functions in LCAS are accessed through the Graph 
menu, obtained by giving the slash command - 


IG 


If the graphic command is given when there are no analysis 
results present then LCAS assumes that you desire to graph 
data saved in a file, and will go directly to the menu prompt for 
loading a data file. This case is covered more explicitly later and 
will not be considered here. 


The graph slash command will result in one of two slightly dif- 
ferent menus. If there has been no previous graph generated in 
this session since starting LCAS then the available prompt is: 


View Graph Graph Data File Set Scale Mode 


The three options allow generation of the graph immediately, 
selected by the "V" option, or generation of a graph from data 
previously saved to disk file selected by "G", or setting of the 
scale mode selected by "S". 


If a graph has been previously generated and displayed on the 
graphic screen and the present analysis results use the same 
sweep mode (Log or Lin), then the menu presented is: 


New Graph Overlay Graph Graph Data File Set Scale Mode 


2-48 


allowing the added options of combining the previous graph in- 
formation with the new information either in a New graph or an 
Overlay graph. The option to generate a completely new graph 
without regard to any previous graph scale information is al- 
lowed within the New Graph option. 
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9 Initial and Subsequent Graphs 
Graphing data naturally requires that an analysis was previously 
performed to generate the data. The first graph generated will 
result from the slash command - 


/GV 


for Graph, View Graph, or the [F6] function key. In just a few 
seconds the graph will be displayed. If no graphics adapter is in- 
stalled then the message "NO GRAPHICS ADAPTER !!!" is dis- 
played. 


If there is no analysis results presently in memory then LCAS 
assumes you want to graph the results of a previous analysis and 
switches to the prompt for graphing a data file. See the section 
on "Graph Data Files" below. 


After the initial graph is present on the graphic screen, several 
new options become available for graphing new data with the 
same sweep mode (Log or Lin). This is represented by the new 
prompt line after the /G command - 


New Graph Overlay Graph Graph Data File Set Scale Mode 


A completely new graph is generated by the slash command - 
/GNP 


for Graph, New, Present only. The [F6] function key is the 
equivalent command and will always draw a new graph from the 
data in the analysis screen if available. If there is no analysis 
® data available then [F6] will go to the Graph Data File prompt. 
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The commands to add or subtract in either New or Overlay 
mode are discussed later, but first the graphic screen and the 
basic graphic options available with any graph are discussed. 


The Graphics Screen 


When a graph is generated, LCAS will switch to the graphics 
screen to display the graph, removing the text screen used for 
prompts unless you are using both a monochrome and 
color/graphics adaptor. Figure 2-4 below shows a typical 
graphic screen. The graph is shown on a blue background with 
the circuit name displayed at the top center of the screen Both 
magnitude (in dB) and phase response are displayed. The mag- 
nitude uses the left vertical scale in white, while the phase uses 
the right vertical scale in magenta color. 


REF=-6.0407172d8 BP REF= 73.680866° 
10dB : 100° 


4.4879193MHz 3. 6495668MHz 
4. OOO0000MHz 5. O0353550MHz 6. 3387000MHz 


Figure 2-4 
Typical Magnitude / Phase Graph Screen 
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Both magnitude and phase responses are shown relative to a 
reference. The peak level of both sets of data are always repre- 
sented at 0 dB and 0 Degrees. The absolute reference for each 
is given at the top of the screen in matching color unless the 
manual scale mode was used. 


Graph Data Sources and Routes 


After the initial graph is displayed, new analysis data may be 
generated from altered circuit connections, component 
modifications or from entirely different circuits. LCAS offers 
two options for graphing this new data, besides generating an all 
new graph. First, the new data may be used to add or subtract 
from the data used in the original graph. Second, the new data 
may be presented as a graphic overlay on the original, either 
new, added or subtracted from the original. These two options 
are called "New" graph and "Overlay" graph. 


For any of these techniques to be of much use, the newly 
generated analysis data should correspond with the original in 
frequency range and number of data points. Although this 
restriction is not absolutely necessary in overlays of new data, 
adding or subtracting data requires identical number of data 
points and sweep mode. If the data points are not the same then 
addition and subtraction are not provided. If the frequency 
range is not the same then the message "FREQUENCY NOT 
SCALE" is substituted for the frequency scale on the graphic 
screen, 


Overlays are not allowed of data taken at different frequency 
scale increment modes. That is both must be at either linear or 
logarithmic increments. 
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Figure 2-5 
Graph Data Sources and Routes 


Figure 2-5 shows a representation of the three locations that 
numerical data can be taken from to generate graphs. They are: 


1. The Analysis results screen, referred to as the "present" 
data. 


2. A Data file which holds data saved from a previous 
analysis result, or from another program. 


3. The Last Graphed data buffer which holds the data 
from the last graph plotted, referred to as the “last” 
data. This data can be used to add or subtract either 
the "present data and/or data from for a Data file. 
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Some typical methods of using this capability are to: 


1. Show the sum response of two or more circuits over the same 
frequency range. In LCAS, a large circuit can be split into 
smaller functional modules, with each module analyzed 
separately. The larger circuit’s overall response can be seen by 
adding each modules response together, forming the overall 
response. 


2. Show the effect of changing a component or value. For in- 
stance, the incremental effect of a component change can be 
shown by a subtraction of response after the component change 
from the initial response. While an overlay of the before data 
with the changed data will show the two response curves 
together. 


3. The subtraction or difference graphing can be used very ef- 
fectively to compare two related outputs of the same circuit. For 
instance, a quadrature splitter having two outputs of the same 

a amplitude but 90 degrees out of phase can be analyzed once on 
one output and graphed. Then the output node is changed and 
the analysis results subtracted to display the exact amplitude 
and phase relationship between the two. 


4. Graph data files of previous responses indicating desired 
performance can be overlayed on a graph for comparison pur- 
poses. Graph data files can even be manually generated which 
present a "mask’ of acceptable performance limits. 


— 
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Oe rapnic Options 


Several options may be used to change the graphic display ini- 
tially generated by LCAS while the graphic screen is active. 


Setting the Graph Scale Mode 


LCAS is set to operate with automatically generated vertical 
scales by default. An alternate manual scale mode can be set 
and will be maintained until changed back to automatic or until 


the program is quit. The manual scale mode is set with the slash 
command - 


/GSM 


for Graph, Set Scale Mode, Manual. To return to automatic 
scale mode the command - 


/GSA 
is used standing for Graph, Set Scale Mode, Automatic. 


Whenever in the manual scale mode, LCAS will prompt for the 
maximum and minimum scale values to use just before generat- 
ing a graph. The prompt allows you to chose which response(s) 
are to have their scales manually set. Those not specifically 
chosen and set are automatically computed. 


Once the proper entries are made the "View Graph" option in 
the graph menu is used to generate the graph. 


If a graph overlay is selected then the option to set the scales is 
not offered since the overlay must use the same scales as the 


original graph. 


DATUM Systems 


Part 2 - Command Reference GRAPHICS 


9 Plotting Delay Response 


Pressing the "D" key while viewing a graph in the graphic screen 
will exchange a plot of group delay versus frequency for the 
phase response. The group delay times are shown on the right 
vertical axis. Pressing the "P" key will return to the original 
phase response plot. The delay response is referenced to an ab- 
solute group delay shown at the top of the screen, and shown 
with the peak at 0.0 relative time delay on the graph, when 
automatic scale mode is active. 


LCAS calculates the group delay information, after the "D" key 
is pressed, from the phase data computed during the analysis 
process. Thus even if the graph is generated from a data file 
which contains no delay information, LCAS will still generate 
this response. 


Graphic Markers 


Two vertical line "Markers" are available to pinpoint any loca- 
tion on the graph. Marker #1 is active when the graph is first 
displayed, but is not visible because it is at the edge of the 
screen. Use the left or right arrow keys to bring it onto the 
graph, and the response levels at it’s present location will be dis- 
played at the bottom of the screen. The 2nd marker is made ac- 
tive by pressing the "2" key. The "1" key will return control to the 
1st marker. To remove a marker and its information line at the 
screen bottom, place the marker off the screen using the 
[Home] or [End] keys. 


The first marker shown in white is normally associated with the 
magnitude response curve, and the second in magenta is as- 
sociated with the phase or delay plot. When the first marker is 
active, pressing the up arrow cursor key will cause the marker to 
seck the maximum level on the magnitude response, while the 
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down arrow key will seek the minimum level. Likewise when the 
second marker is active, the up arrow seeks the maximum and 
the down arrow the minimum of the phase or delay plot. 
Reminders of these actions are given on the monochrome 
screen if both adapters are available. 


The graphic markers can be used in several different ways: 


e Pointers to determine the level at any point on the 
graph. 


@ Marker 1 and marker 2 can be set to bound the 
frequency limits of an expanded analysis. For instance to 
get a more detailed view of the peak of a filter's response, 
the markers are placed at the 1 dB points on either side of 
the peak. Then the slash command - 


/AE 


is given, resulting in an analysis between the two markers. 
When these results are graphed, the view is “expanded. 


@ Marker 1 and marker 2 can be set to bound the 
frequency limits for an integration of the magnitude 
response power output. After the markers are placed the 
computation is performed by pressing the "A" key. This 
effectively calculates the “area under the curve" assuming 
there is 1 Watt per Hertz input to the circuit. 


Noise Power Display 


The noise power represented by the area under the magnitude 
response can be displayed by pressing the "N" key. The display 
added to the bottom of the screen will include three items: 


a 1, The mput power per Hertz to the circuit input node "Pin", al- 
ways 1 watt per Hz. 
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2. The total power output "Pout" represented by the area under 
the response curve at the circuit output node. This is an integral 
of the power represented by the frequency response. 


3. The last figure given as "Pout - MKR1" is the total power rep- 
resented by the response minus the level at marker 1. By placing 
marker 1 at the proper spot and pressing the "N" key, the nor- 
malized noise power is displayed. For instance, if a bandpass fil- 
ter is displayed on the graph, with a source and terminating im- 
pedance of 500, the resulting output power will be 6 dB low due 
to the loss in these impedances. By placing marker 1 in the filter 
passband, assumed to be at -6 db absolute, then the resulting 
noise power minus marker 1 will be 6 dB greater, or four times 
the noise power. In other words, the noise power given is the 
noise power output relative to an imaginary 0 dB gain point at 
the cursor location. 


Moving either of the markers or pressing any key on the 
keyboard will remove the noise data. If marker 2 was on the 
screen when the "N" key is pressed, its data is replaced by the 
noise power data. Pressing any key will return the marker 2 
data. 


The normalized noise power output may be one of the more dif- 
ficult points in LCAS to grasp. Try the sample bandpass filter 
circuit, "BP" with marker 1 to satisfy yourself of the validity of 
the generated information. 


Note, when normalized, the value in watts directly represents 
the noise BW in Hz. Hence if Pout - MKR1 = 10kW, then the 
noise BW is 10kHz. This capability is especially useful in PLL 
and filter circuits. 


Area Under the Curve 


A variant of the noise power display can be used to find the 
power in a certain portion of the graph response. This function 
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integrates the magnitude response between two points set on 
the graphic screen using the two line graphic markers. There are 
3 methods of setting the two points between which the power is 
computed: 


1. lf only Marker 1 is visible on the screen, the frequency 
range is taken from the normal start frequency up to 
the Marker 1 set point frequency as displayed at the 
bottom of the graph. 


2. lf only Marker 2 is visible on the screen, the frequency 
range is taken from the Marker 2 set point frequency 
as displayed at the bottom of the graph up to the 
normal stop frequency. 


3. If both markers are visible on the screen, the frequency 
range Is from the lower marker to the upper marker. 
It does not matter what order the markers are set. 


If neither marker is on the screen then the Area function is like 
the Noise power function, with the addition of the power in 
dBW. 


When the two graphic markers have been set to bound the fre- 
quencies of interest, pressing the "A" key computes the absolute 
power represented by the magnitude response between the two 
markers. The results are displayed on the bottom line of the 
graph screen. 


The power is computed in the same manner as the 'Pout” func- 
tion of the noise power display. That is the power shown is the 
output power of the portion of the response bounded by the 
markers relative to a circuit input power density of 1 Watt per 
Hertz. 


The power output is presented both in Watts and in dBW. 


Power Ratio Determination 


By bounding first one area of the graph and computing power, 
and then a second area, the relative magnitudes or ratio of the 
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two powers can be easily determined. The ratio between the two 
magnitudes can be determined in dB by directly subtracting the 
» two dBW figures computed. 


As an example of the use of the Area function, consider a filter 
response which has a slight "bump" in level in the stop band and 
you wished to know how much power this represented with 
respect to the passband. 


Phase Jitter Calculation 


LCAS includes the capability to calculate the phase jitter repre- 
sented by the single-sided noise energy on a carrier. This applies 
to the noise sidebands calculated by LCAS when modeling PLL 
circuits only. Refer to Appendix D for an example of measuring 
phase jitter in PLLs. 


9 When a graph is displayed the graphic line markers are used to 

: bound the frequency range of interest, and the "A" key (area 
function) used calculate the energy represented by the mag- 
nitude response in this frequency range. Alterately the noise 
power function can be used to calculate the noise power over 
the entire displayed frequency range. After calculation of the 
sideband noise energy, strike the "J" key and energy values will 
be replaced by the equivalent phase jitter in both degrees RMS 
and radians RMS. 


The phase jitter measurement is used mainly in telecommunica- 

tions to determine the effect of noise on typical digital signals, 

which can tolerate only a certain amount of phase jitter. 

Telecommunications links are commonly measured in peak to 

peak phase jitter. If the peak to peak value is required then 

simply multiply the displayed RMS results by 5.15. Telecom- 
\ munications links are also typically measured for phase jitter in 
the 4 to 300 Hz and the 20 to 300 Hz ranges. 
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Oyew Graph - 
Addition and Subtraction 


The purpose of the New Graph function is to erase the old 
graph and generate a totally new graphic screen. 


After the initial graph is displayed the new graph slash com- 
mand - 


IGN 


results in the prompt line 


Add (Last + Present) Subtract (Last-Present) Present only 


») Where ‘last" refers to the analysis data last used to prepare a 
graph, and "present" refers to the analysis data presently in the 
analysis screen, or coming from a data file. See Figure 2-5 for a 
pictorial representation of the sources and routes of graphs. The 
addition and subtraction of graphs require that the original and 
gtaph data to be added or subtracted share the same frequency 
scale mode. That is both must be either linear or logarithmic. 
Both sets of data must also have the same number of data 
points. If the frequency ranges do not match then the message 
"FREQUENCY NOT SCALE’ is substituted for the frequency 
scale on the graphic screen. 


The graph scales are regenerated for any of the new graph op- 
tions, either automatically or manually, based on the current 
scale mode setting. 


Add 
»y If the Add option is selected then the analysis data presently in 


the analysis screen is added to the data used to generate the last 
graph at each coincident data increment point. The new resul- 
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tant data is then used to prepare a new graph, erasing the old. 
Immediately following an Add with a Subtract will cancel or 
6) "undo" the effect. | 


Subtract 


If the Subtract option is selected then the analysis data presently 
in the analysis screen is subtracted from the data used to 
generate the last graph at each coincident data increment point. 
The new resultant data is then used to prepare a new graph, 
erasing the old. Immediately following a Subtract with an Add 
will cancel or “undo" the effect. 


Present Only 


The Present Only option is used here to generate a totally new 
® graph based on the present analysis screen only, or data from a 
> data file only. 


Note that the data in the analysis screen does not change with 
the add, subtract or present only command. It is always assumed 
to be the "present" data with the "last" held in a separate buffer 
used to generate the graph. 
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Overlay Graph - 
Addition and Subtraction 


Graphs may be overlayed in LCAS as if each were on a piece of 
clear film. When overlaying graphs only the data fitting into the 
magnitude and phase limits of the first graph are included. The 
command for overlaying a graph is - 


/GO 


and results in the prompt line 


Add (Last+ Present) Subtract (Last-Present) Present only 


Where "last" refers to the analysis data last used to prepare a 
) graph, and "present" refers to the analysis data presently in the 
analysis screen, or coming from a data file. See Figure 2-5 for a 
pictorial representation of the sources and routes of graphs. 
Overlay graphs require that the original and graph data to be 
overlayed share the same frequency scale mode. That is both 
must be either linear or logarithmic. Both sets of data must also 
have the same number of data points for the add and subtract 
options. If the frequency ranges do not match then the message 
"FREQUENCY NOT SCALE" is substituted for the frequency 
scale on the graphic screen. 


Add 


If the Add option is selected then the analysis data presently in 

the analysis screen is added to the data used to generate the last 
graph at each coincident frequency point. The new resultant 

9 data is then used to prepare a new graph, overlaying the old. 
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Subtract 


If the Subtract option is selected then the analysis data presently 
in the analysis screen is subtracted from the data used to 
generate the last graph at each coincident frequency point. The 
new resultant data is then used to prepare a new graph, overlay- 
ing the old. 


Present Only 


The Present only option is used to generate a new response 
graph for inclusion as an overlay on the last graph. The new 
graph overlay is based on the present analysis results screen or 
data from a data file only. 


Note that the data in the analysis screen does not change with 
the overlay command. It is always assumed to be the "present" 
data with the “last” held in a separate buffer used to generate the 
graph. 
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Data files are disk files of previous analysis results or data from 
other programs representing a frequency transfer function. 
They are textual information of response versus frequency that 
the graphic routines can use to generate and display a graph. 


When a data file is loaded, its data is taken into the graph buffer 
called "present". Data loaded into the present buffer is treated 
as analysis results and can be added or subtracted from pre- 
viously graphed data in the "last" buffer. See the description in 
"Graph Data Sources and Routes" above and the accompanying 
Figure 2-5 for more information on the graph buffers. 


The graph data file menu option results from the slash com- 
mand - 


IGG 
representing Graph, Graph Data File. If there are no present 


analysis results then only "/G" is required. At this command the 
graph data file menu is presented as shown below. 


Directory Load 


Loading the Data File 


Choosing the Load option will prompt for the file name of the 
desired data file. 


Choosing the Directory option will present a directory of the 
data files on the Data Files Default drive and path. To get a 
directory of a different drive/path use the Set-up, Default Drive, 
Data Files slash command to temporarily change the default. 
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Use the "F" key if necessary to view "Files Continued" until the 
desired data file is present in the display listing. While the data 
file directory is displayed pressing the "L" key for "Load" will 
enable the simplified load procedure and place a highlighted 
cursor on the first data file name in the directory. Use the cur- 
sor control keys to position the cursor over the desired file name 
and press [Return] to load that data file into the "present" buff- 
er. 


Graph Menu Options 


When the file data has been loaded there are two possible 
responses from LCAS. First, if there is no existing graph then 
the data file information will be loaded and the menu below is 
presented. 


View Graph Graph Data File Set Scale Mode 


If there is presently a graph displayed and the sweep modes of 
the last graph and the data file are the same, then a slightly dif- 
ferent menu is presented: 


New Graph Overlay Graph Set Scale Mode 


Selection of either the New or Overlay options will result in the 
standard menu for adding new information to an existing graph 
if the last graph and data file contain the same number of data 
points. If the number of data points differ then the "Present 
Only’ option is assumed. 


Add (Last + Present) Subtract (Last-Present) Present only 


When one of these options is selected, LCAS will compute and 
display the revised graph. Refer to the previous sections entitled 
"New Graph - Addition and Subtraction” or “Overlay Graph - 
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Addition and Subtraction” for more information on the actions 
these options produce. 


About Data Files 


The data file is a tabular listing of analysis results. Data files use 
the extension "DAT". See Appendix G on disk file formats for 
more information on the data file contents. The data file is 
generated by LCAS when you print to a data file using the /PD 
slash command. The data file contents can come from either the 
last graphed data or the present analysis results. 


This type file can also be generated by an external program or 
manually produced by a text editor. An example of a manually 
produced file might be a "mask" which can be overlayed onto 
specific graphs to determine if the performance data falls within 
set limits. Existing data in a data file can also be manually 
modified by using a text editor or word processor. Any such 
editor should always be set to the "ASCII" mode to avoid insert- 
ing extraneous codes. 


Another example of using data file information is included in 
Appendix E on Tips and Techniques. 
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OUTPUTTING DATA 


LCAS allows you to output the data in any of the three screens; 
components, analysis data and graphs. The information from 
these screens may be sent to either a printer or to a disk file. 


The slash command - 
/P 
is used to retrieve the print menu. Giving the /P command 


when in the graphic screen will return to the last used text 
screen, either component or analysis. The print menu responds 


with: 
Printer Text File Data File FFT File 


asking you to select output to the printer, or a file to be placed 
on disk in the format of text, data or fast fourier transform. Each 
of these options is discussed separately below. 


Naming Output Data 


Analysis, component and graph outputs all use the present cir- 
cuit name for identification on the output data. To allow you to 
both change the name for each specific output if desired, and to 
supply a name for a circuit that has not yet been saved, LCAS 
has a "NAME" slash command - 


/FN 


DATUM Systems 2-67 


= ) ; F 
‘ 
AY : 
a the 
ATAC DVITTUSTUO netwll b 


ATAG DUITTUSTUO 


4g 

anon’ seit 32 lo yas ai sich ad? tuqiso ot wor ewolial : 
mort oottemmlad sfT adqntg bos ath sindans onl 
ait dekh e of wm rate & woddis oo Jose ef ie 


- hreaweoe adi 


bron FT al) Scive) won Laney ») avai ore 
z=) teat teed of? of austen Y 


uw aoa sidysrg lt al 


OUND Moe lobey od’) ~NIBAR 10 ifsncemes Iodte 


—— ———e ot ae iaetiediinesnese ee 


ST ciel oI ost rain 


~~) 
sii rie 


| 


-\ beaut od of old 2 ww tai od} of Jer talor of voy ger 
Haney cruel jas) w ated 2) Io tus abt me ae 
WONG Ushe iso bsevermzil ai enticno aaa 


* mh lh 


‘i GO tue hot) 


— A 


eee eR geriatric — _ 


“UD dasvory ort sex fly tharpsue igang bos tasaocens eee 
Of Ley WOln OT £386 teat salt on oortes(Limobs »ol sens aie 
«0 bas bevecb Ui toqauo ollisces does vol Sener ad! syensdo al 
SA bovsa mood ivy tom sed tar} tincnis @ x03 ome « vlege 

» Hetroneo deals “MAM? 


on 


Wt | eineleye MUTA 


2-68 


LCAS User’s Manual Version 2 


The name command can be used repeatedly for each output. 
Caution should be used when changing the name. If you do not 
remember to return the name to its original, and then attempt to 
update the circuit file by saving it again, the new circuit informa- 
tion will be under the last given name. 


The same name can be used to output the analysis, component 
and graphic files as a different file name extension is automati- 
cally applied to each of these. See the section on "File Exten- 
sions", below. 


File Extensions 


When a file is saved to disk it is given a file name extension de- 
pendent on the type information as follows: 


Type. S—S—~—~—_CPFil@ Extension 
Circuit File .LCA 

Analysis Results (Text) .PRA 
Component List .PRC 

Graphic Bit Map .PRG 

Data File (Data) .DAT 

Fast Fourier Transform Fi 
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eee 
Outputting to a Printer 
sco el oll cl ete eet ane 


The printer output is selected by the slash command - 
/PP 


which presents the following menu of options: 


Analysis Component Graph 


and is used to select whether the information is to come from 
the Analysis results, the Component list, or the Graph. On 
choosing one of these sources the transfer then begins. 


Using the [F4] Print Function Key 


The [F4] function key can be used from any of the three screens 
to send that screen’s data to the printer. This is a shortcut for 
the slash command /PPG when in the graphic screen, or /PPA 
when in the analysis screen, or /PPC when in the component 
screen. Using the [F4] function key will not remove the graphic 
screen for printing. 


Printer Output 


The printer output is a copy of the data as presented on the 
screen, including the lines around the data in the component 
and analysis screens. The lines are formed using standard dash 
and "|" characters available in most printers. 
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The date and time of the printout is placed on any of the three 
my screens when sent to the printer. Multiple pages of tabular list- 
ings will all have the same date and time as the first page. 


When printing the graphic screen, any information currently 
shown on that screen will be printed. Therefore, to show the 
noise power data, place it on the screen by using the "N" key and 
press the [¥4] key, or slash command /PPG. 


Tested Printers 


LCAS has been tested with the following dot matrix printers for 
both text and graphic output: 


Epson MX80/100 with graphtrax, FX80/100, FX85/286, 
& LQ 800/1000/1500, LXx8o 


Citizen MSP 10, 15, 20, 25, 120D claim to be 
compatible, but not tested. 


Okidata 190 and 290 series. The remainder of the 
Microline series of printers with "plug and play" for 
the IBM computer should work, but not tested. 


IBM Proprinter 
NEC P6 Pinwriter only tested. 
Star Micronics SG10 should work but not tested. 


In addition, LCAS should work with any dot matrix printer that 
ES) uses the Epson graphics format. 
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Problems 


If your printer does not work properly then perhaps the printer 
configuration switches are incorrectly set. If you use a daisy 
wheel printer or one that cannot accept LCAS graphic output, 
the two text screens can still be printed. Laser printers normally 
do not accept Epson type graphics commands. 


It is also possible to save a graphic screen to a disk file and use a 
translator program to send the graphic information to other 
printers. For instance the "GRAB" program from DRHALO 
was used to save graphic screens from within LCAS, which were 
then converted for use in this manual. No translator program is 
included with LCAS. 


If there is no printer connected to the printer port selected in 
the "\Set-Up, Printer, Printer Port" command, or the printer is 
not turned on when a printout is requested, then LCAS will 
beep and display the error message "PRINTER ERROR!!!" in 
the prompt area of the screen, 


DATUM Systems 2-71 


ATAQ OVETTUSTUO 


A TL A tee A RIN 


Iaietsg 240 aqudisg aod? yong shee Jon esob 
yais® 4 ow soy W Jae Yisesest oe zodntios Oe 
Jugio oidyetg ZADI ipsooe Joaaws tml? sno 1 tone 
YUsmmnoe master imet betel od Bits nap ensoven f 
Abasosmce cidger, xr) anegs 


¢ nait bra off) doth 2 07 moore ieee 8 Svaz oe aidiaeog 6 
sadio of anhiarrita: risiqaey 203 bees ol mayo % 
OQJAHSG inod memom “BARD edb sonatas way 
mw dorty Z2AQLS suljw oun ecsrwe rithjeTs 3v88 OF 
ad Wor 108 laze) OA Lewerw a) at sani vot be 
2A. iti 


~ 


fi belo Ph Q sohacny oft OF baioonmo vlan on a 
s Yalan ol) w denen "hod sola? erat ws 
iiw 2AQU aati bomoupar ai wont # axdw ao Bema 
i "MIMORAT NATWINT" soem yors oi elquib Dew 

iow a) aT ly Ro vise 


rg ry MUTAG 


LCAS User’s Manual Version 2 


ae File Output 


2-72 


When the Print, Text File output is selected, via the command - 


IPT 


the next level of menu options presented for the text file output 


is: 
Analysis Component Graph 


and is used to select whether the information is to come from 
the Analysis results, the Component list, or the Graph. 


Before saving the text file, LCAS first asks for a file name to use. 
The filename can be up to eight characters long and should not 
include an extension. LCAS will append its own extention based 
on the type of file information. The default text file drive and 
path will be used to save the file unless overridden by entry of a 
drive specification preceding the file name as in 


B:filename 


You can only specify a drive designation by this method. to 
specify a different drive and path, use the Setup, Default Drive, 
Text File command to temporarily change the default. 


Analysis or Component Text Output 


The Analysis or Component selection results in an ASCII text 
file. The tabular text of either components or analysis data thus 
saved may then be reviewed later or used by a word processor 
for inclusion in letters or reports. These files include the circuit 
criteria at the beginning of the listing. All characters as would 
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be sent to the printer are included in the file except page breaks 
and accompanying page, date and time information. The "line 
characters" shown on the screen are converted to dashes and 
bars before being sent to the file. 


Graphic Bit-Map File Output 


Graphic data is saved in a binary file for recall by another 
program. The file consists of a bit-map of the computers graphic 
screen video buffer beginning at B8000 Hex address, with a 
length of 16,000 bytes. Presently no commands within LCAS can 
directly use a graphic bit-map file. This capability is built into 
LCAS so that a separate program could retrieve graphs, for in- 
stance to give a "slide show" presentation. 


If you want to import a graphic screen into a "paint" type 
program for manipulation or enhancement you should use that 
programs screen capture facility. DRHALO, PC Paintbrush and 
others offer such a screen capture facility. 


For more information on file output formats see Appendix G. 
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Selection of the Data File response to the Print slash command - 


/PD 


presents the following menu: 


Analysis Graph 


which is similar to the printer/text menu except the component 
option is deleted. The output of cither of these options is raw 
data in ASCII form usable by other programs as input data. See 
Appendix G for the exact form of the data output. 


The Data file output is the same as the data files used by LCAS 
for the "Graph Data file” slash command. 


The data file can be generated from either the "present" analysis 
information or that used to generate the "last" graph. These 
sources are referred to as the present and last buffers and there 
relationship to the graph process can be seen in Figure 2-5 in 
the Graph section of this Part of the manual. 


Before saving the data file, LCAS first asks for a file name to 
use. The filename can be up to eight characters long and should 
not include an extension. LCAS will append its own extention 
based on the type of file information. The default data file drive 
and path will be used to save the file unless overridden by entry 
of a drive specification preceding the file name as in 


B:filename 
You can only specify a drive designation by this method. to 


specify a different drive and path, use the Setup, Default Drive, 
Data File command to temporarily change the default. 
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Files of saved analysis data may be used by the graphics mode 
x commands for graphing, adding, subtracting and overlaying with 
. other graphed analysis. These data files may be manipulated by 
a text editor to simulate a specific response before re-use by 
LCAS. See the Graphics section for more information on this 
use of files. The phase locked loop jitter test in Appendix D 
makes use of this feature in an example. 
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Selection of the FFT File response to the Print slash command - 
/PF 


presents the following menu: 


Analysis Graph 


Selection of the Analysis option uses the last analyis results as 
the source for this output. Selection of the Graph option uses 
the "last" buffer containing information from the last graph dis- 
played. These sources are referred to as the present and last 
buffers and there relationship to the graph process can be seen 
in Figure 2-5 in the Graph section of this Part of the manual. 


When the FFT output of either the analysis or graph results is 
requested, LCAS will compute the complex rectangular coor- 
dinates of the data in the frequency domain. When generating 
this file LCAS extrapolates a point at DC and interpolates all 
other data points. This is the data that would be required by a 
Fast Fourier Transform (FFT) computing routine. An FFT 
routine requires data points in linear steps, and the number of 
steps must be some power of 2. LCAS will request the number 
of data points to compute between 16 and 2048. This output is 
intended for another program by DATUM Systems which per- 
forms Fast Fourier Transform functions. 


Before saving the FFT file, LCAS first asks for a file name to 
use. The filename can be up to eight characters long and should 
not include an extension. LCAS will append its own extention 
based on the type of file information. The default FFT file drive 
and path will be used to save the file unless overridden by entry 
of a drive specification preceding the file name as in 
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B:filename 


You can only specify a drive designation by this method. to 
specify a different drive and path, use the Setup, Default Drive, 
FFT File command to temporarily change the default. 


For more information on the FFT file output format see Appen- 
dix G on Disk File Formats. 


Y weet 
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ee 


“Introduction 


This section of the LCAS manual gives detailed information 
about each of the components which may be entered directly 
into a circuit definition, including modeling information where 
required. Specialized modeling information for phase locked 
loop circuits is given in Appendix D. There are also examples of 
Many circuit types using models in Appendix F. 


Preceding the component listing is general information on com- 
ponent entry, modification and Q determination. 


The components are listed in alphabetical order as shown 
below. The special T-Line and stub types are accessed by first 
calling the appropriate element (Transmission Line, Open Stub 
or Shorted Stub) and then "S" for Special. 


Component Type 

Balanced Stripline Special T-Line, O-Stub, $-Stub 
Capacitor General 
Coaxial Line Special T-Line, O-Stub, S-Stub 
Delay Line Special T-Line 
Divide by N PLL 
FET General 
Loop Amplifier PLL 
Microstrip Special T-Line, O-Stub, S-Stub 
Open Stub General 
Operational Amplifier General 
Phase Detector PLL 
Shorted Stub General 
Transistor General 
T-Line (Transmission Line) General 
Voltage Controlled 

Oscillator (VCO) PLL 
X-former (Transformer) General 
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Component Entry 


Component entry is fully described in Part 2 of this manual. An 
abbreviated description of the entry process is given here to 
provide continuity with the component descriptions. Com- 
ponent entry assumes that you have previously generated a cir- 
cuit schematic with the nodes numbered according to LCAS 
conventions. See Part 1 for more information on numbering 
nodes. 


All component entry is accomplished in the "Component 
Screen". This screen is the first displayed when entering LCAS 
and after loading a circuit file. 


The component menu and prompt should be visible in the 
prompt line (second line on the screen). If during component 
entry other commands have been used it may be necessary to 
press [F10] to return to the main command level showing com- 
ponent types in the prompt. Pressing the "M" key will show a 
second line of component types available and is used to toggle 
between the two prompt lines. 


Starting a New Component Entry 


To enter a new component the large inverse cursor is placed on 
the first available blank component "Type" cell at the bottom of 
the component listing. The cursor will go to this blank cell by 
pressing the [End] key (twice if the cursor started in the circuit 
criteria section). Then one of the letter keys is pressed repre- 
senting the desired component as shown by the highlighted let- 
ters in the menu prompt. For instance to enter a resistor press 
the "R" key. Watch the cursor and the prompt line change to 
prompt for the next required entry, which in this case is the 
value of the resistor. 
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If you accidentally pressed the wrong key then back up by press- 
ing the [Esc] key to “escape”. The left arrow key can also be 
used to escape from the last entry. Any time before the comple- 
tion of all entries for a component the [Esc] or left arrow can be 
used repeatedly to erase entries, i.e. to erase the last two entries 
press the [Esc] twice. 


NOTE: The right arrow key may be substituted for 
the [Return] key in any cell entry. Both result in 
accepting the entry and moving to the next cell 
entry to the right. 


Value Entries 


LCAS accepts component values in common engineering terms, 
or in scientific notation. Suppose a resistor is to have a value of 
4700 ohms, or in standard engineering units 4.7k ohms, Simply 
enter "4.7k" and press the [Return] key to enter this value. 
LCAS already knows it is ohms since a resistor is being entered. 
You could have just as easily entered 4700 or .0047M or 4.73. 
The letter "e" is the scientific notation indicator and means the 
following number is the exponent of 10. 


LCAS accepts a full range of common multiplier designators. 
The only point where LCAS differentiates between upper and 
lower case is: 


Asmall "m"“ means milli- and a large "M'" means Mega-. 


For all designators except the letter "M", LCAS will accept 
either upper or lower-case entries. 
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Part 3 - Component Reference Component Entry 


The accepted list of multipliers is given below. 


Letter Name Power of 10 
a ato -18 
f femto -15 
p pico -12 
n nano 9 
u micro § 
m milli 3 
none --- 0 
k kilo 3 
M Mega 6 
G Giga 9 
T Tera 12 


LCAS formats each numeric input and fits it to the nearest 
power of 10 in factors of 3 as shown above, resulting in a mantis- 
sa between 1 and 999, using standard engineering notation. If a 
value is entered as ".0047M", LCAS would write the value as 
"47k". 


Many values may be entered as negative numbers even though a 
"real" component could not normally have a negative parameter 
value. For instance a capacitor may have a negative value in 
LCAS, Frequency, time and length entries cannot be negative. 


Nodal Connections 


After the values and other specifications are entered LCAS will 
ask for the node connections. (remember that node 0 is always 
the ground or common connection). When all node connections 
have been specified, LCAS is now ready to begin another com- 
ponent, so it returns to the first column and awaits a command. 
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Component Figure of Merit or "Q" 


Capacitors and inductors require a"Q" to be entered. A Q entry 
of 0, or no entry, results in an infinite Q (representing an ideal 
component). A Q value other than 0 results in the addition of a 
resistor to the capacitor or inductor. The resistor is placed 
either in series or parallel with the capacitor or inductor. 


The classic low frequency O model dictates a resistor in parallel 
with capacitors and in series with inductors. A high frequency Q 
model however, 


might be the op- 
posite configura- SPW 
tion or a combina- 


tion parallel and 


series resistor. Classic Low Frequency Q Models 


If the Q value is entered directly then the low frequency model 
is chosen. If the Q value entered is preceded by a "P" or "S" then 
the method of connecting the Q determining resistor can be 
forced to a parallel (P) or series (S) configuration. Once the 
configuration is chosen then further changes to the component 
Q assume the same parallel or series connection. 


LCAS shows the present connection of the Q determining resis- 
tor by a "Qp=" or "Qs=" in the second specification cell for the 
component. 


The Q determining resistor is not shown in the component list. 
Its value is computed at analysis time according to the part value 
and the frequency range of analysis. If the analysis is at linear in- 
crements then the frequency chosen for computation of Q is the 
analysis range midpoint or — 


fm = {start + fstop) 
2 
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Part 3 - Component Reference Component Entry 


If the analysis is at logarithmic intervals then the frequency 
chosen for computation of Q is the geometric mean of the fre- 
quency range or — 


fm = Vf start e f stop 


For capacitors the resistor is calculated by LCAS using the for- 
mulas — 


R= ste Parallel resistor 
saee eas 
R= 2uimcQ Series resistor 


where fm is the frequency calculated above. 


For inductors the formulas are — 


R=2afmlLQ Parallel resistor 
R= Junk Series resistor 


where fm is the frequency calculated above. 


LCAS uses the start and stop frequencies defined in the circuit 
criteria section to compute the Q resistor added to the circuit, 
so when an "expanded" analysis is performed, the added resistor 
value remains unchanged. Expanded analysis is explained fur- 
ther in the analysis section. 


The resistors added to the inductor and capacitor described 
above are used to simulate the performance of real components. 
To properly simulate a component, especially at higher frequen- 
cies, additional parts may have to be added to the circuit in spe- 
cial cases. For instance at very high frequencies, inductors ex- 
hibit capacitance and capacitors and resistors exhibit induc- 
tance. When the specifications for a component do not give 
characteristics at high frequencies, an LCR bridge or Q meter 
measurement of an actual component will usually give the 
necessary information. 
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Special T-Line, OT-Line and ST-Line 
Component Entry 


The Transmission Line has four "special" versions, in addition to 
a standard transmission line, for simulation of real devices. The 
four elements are a microstrip transmission line, a coaxial trans- 
mission line, a balanced transmission line and a delay line. 


The Open Stub and Shorted Stub have all of these special ver- 
sions except the Delay Line. 


Any of these four elements are defined by first selecting the T- 
Line device from the standard component menu. Unless the T- 
Line device is displayed on the menu/prompt line then the "M" 
key must be pressed first to display it. The first T-Line entry 
prompt for the line impedance also lists "Special". By pressing 
"S" the new component prompt line is displayed as shown 
below: 


Microstrip Balanced Stripline Coaxial Line Delay Line 


Any of these four special T-Line forms is selected in the normal 
fashion by pressing the highlighted letter of the name as dis- 
played. 


Modeled Components 


The variations of actual components made are much greater 
than could be contained within LCAS. This requires the model- 
ing of components from the elements provided within LCAS. 


There are two general types of modeled components. Those 


which model! basic elements, such as tapped inductors, and 
those that model specific devices, for example an LM318 op- 
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Part 3 - Component Reference Component Entry 


amp. Both types are built the same way, and are discussed as ap- 
propriate in each element type. 


Two basic component types covered are mutually coupled and 
tapped inductors discussed in the transformer element (X- 
former), and the Operational Transconductance Amplifier 
(OTA) discussed in the Op-Amp element. 


Phase Locked Loop Components 


A unique group of components defined in LCAS are the ele- 
ments of Phase Locked Loop (PLL) circuits. They provide a 
powerful added capability. These components may not be con- 
sidered "linear" by themselves, but the complete phase locked 
loop they represent normally exhibits a linear response vs. fre- 
quency. The modeling of these components in LCAS gives 
analysis capability outside the reach of most other linear 
analysis tools. 


The PLL devices included in LCAS are: 


Phase Detector 

Loop Amplifier 

Voltage Controlled Oscillator 
Divide by N 


The uses and design of phase locked loops is beyond the scope 
of this manual. For more information on the design of phase 
locked loops, consult textbooks available at your local technical 
library, or from component manufacturers. Appendix D of this 
manual contains a mini-tutorial on the use of PLL components 
within LCAS and contains modeling information for typical ac- 
tual phase locked loop components. 
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9 Balanced Stripline - 


Re — 


y ee 
lelectr’e_* ip——+ 


Tine |[Zo= _[iMW= _Hin= [+In= fOut= + Out= 


External nodes: 4 Internal nodes: 0 


Description 


The Balanced Stripline is a special case of the transmission line, 
open or shorted stub elements. It is selected by first selecting 
the appropriate type line (cither transmission, open or shorted 
stub) and then pressing "S" for special and "B" for balanced 


b stripline. 


The balanced stripline consists of a center conductor strip lo- 
cated equidistant between two ground planes. The intervening 
space consists of a dielectric material. 


Entries The Impedance (Zo) and 1/4 wavelength of the line are 
calculated by LCAS from the following five entries: Nega- 
tive values are not allowed. 


Dielectric Constant The dielectric constant of the material 
used between the center conductor strip and ground 
planes. 


Dielectric Thickness The distance between the center con- 
ductor strip and the ground plane, in inches. 


Line Thickness The thickness of the center conductor strip in 
inches. 


Line Width The width of the center conductor strip in inches. 
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Part 3 - Component Reference | Balanced Stripline - 


Line Length The length of the center conductor strip im in- 
ches. 


Nodes The input and output nodal connections. The balanced 
stripline is bi-directional. The plus and minus indicators 
are used for phasing. By convention the plus in and out 
represent the center conductor strip. Balanced stripline 
stubs do not require entry of the "out" nodes. 


nnn 


Notes 


The balanced stripline element is useful in simulating stripline 
traces used in specially fabricated circuits. The technique of 
building balanced striplines as part of the circuit structure is 
common at frequencies of approximately 1 GHz and above. 


During entry the limits for each value entry are calculated and 
presented based on previous entries. You may "back-up" during 
parameter entry using the [Esc] or left arrow key. 


The approximations used to calculate the impedance and 1/4 
wavelength of the line from the entered parameters are those 
presented by Dr. I. J. Bahl and Ramesh Garg as published in 
"Microwaves", January issue, 1978, starting on page 90. 


The characteristics of some common materials and circuit board 
types are listed below for reference only. You should consult 
manufacturer’s information to determine the specifications of 
the specific materials being used. At very high frequencies (10 
GHz and above) the dielectric constant entry may be modified 
to correct for known errors due to dispersion. 
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» Board/Material Dielectric Constant 
Fiberglass FR4/G10 4.6 to 5.5 
Tefion impregnated 
glass or Duroid® 2.2 to 2.6 
Polycarbonate 3.0 
Polyethylene 2.3 
Polystyrene 2.6 
Aluminum oxide 8.8 
Porcelain 5.8 


If only the copper weight on a pcb is known, the line thickness 
may be computed as approximately 0.00135 inches per ounce. 
i.e. 2 ounce copper has a thickness of 0.00270 inches. 


» 


3-12 DATUM Systems 


insteno.) dhipaieid Intvatasha\y 
24 ota. OTDR senkned 


Sasarss @biowsd 0 


» ec 
vow S&S 


oom 
Cy & 
Gi 
al 
a 
= 


anectoiul! sai) od? .wwoedl i dog © no Maree oqo st 
songe iq auioa! 2£100.0 ylotemmonage 2 botuqed 
ufioa? OF S00..0 to eased © 2nd roqgoe 

ee 


— 


Part 3 - Component Reference Capacitor - 


Capacitor - 


[TYPE] SPECIFICATIONS | COMPONENT NODES_| 


External nodes: 2 Internal nodes: 0 if 
parallel or infinite Q, 
1 if series Q is specified. 
Description 


The Capacitor element provides a capacitive reactance that is 
either perfect (without loss) or with a prescribed Q, repre- 
senting a real world lossy capacitor between the two nodes indi- 
cated by the user. 


a nnn nr nna 


Entries 


Value= Capacitance in Farads. Use engineering or scientific 
notation. Negative values may be used to simulate special 
conditions. 


Qp=(or Qs=) Element Q factor. Pressing [Return] or the 
right arrow key defaults to an infinite Q. A direct value 
entered results in a parallel resistor addition. If the entry is 
preceded by "S" then the value results in a series resistor 
addition. In either case LCAS reminds you of the present 
connection by using "Qp=" or "Qs=" in the specification 
cell. See the notes below. 


Nodes The order of nodal entry is not critical. 


TS 
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Notes 


Q may be modeled as either a parallel or series loss by preced- 
ing the Q entry with the letter "P" or "S" respectively. Therefore 
an entry of "P100" defines a capacitor with a parallel loss and an 
entry of "S100" defines a capacitor with a series loss, both having 
a Q of 100. Negative Q values are not allowed. If no letter is 
specified then parallel loss is assumed. If no value or a value of 
zero is specified then a Q of infinity is assumed. 


eae 


Parallel Series 
Capacitance "Q" Models 


3 The formulas LCAS uses to calculate the parallel or series resis- 


tor are: 
R = eB ie Parallel resistor 
2a fm C 
R= sa Meee Series resistor 
2afmCQ 


where fm is the frequency mean or median calculated by: 
im = Vf start @ f stop, Sweep=Log 
or 
im =(f start+f stop)/2 , Sweep =Linear 


The value of fm does not change when an expanded analysis is 
performed. 


» 


3-14 DATUM Systems 


$ nckmaV imeneM eysall BADD 


a 


bogas] yd zeal zai 10 lollaweg « tediie 22 bolsbomiag 
solowdT vievivegen "é 70 "9" tail act coor ¥ | 
a bee, eaol loligwa 6 fore rollonn 4a ented “TD 
anived dod goal zeae e dihw roltiveqes 4 isniloh Dl 
si tottel ow 2 .bewolls tom ow asvier O avila 


to sulev 6 to suiev of I] Saawees fi ow Hicteg £ 


bboacomaen ut cloules bo () 6 oad) baa 


aie sli e4 


anh as ris afye ~< . 
AUITIC) | Vi J ci sfoaas) 


; a i ' ’ ‘ 
ed Yeiclovint nediam 10 meocn: pope ad a 


. 


oo ee, 


o0.jJ=qsews olele henly ay 
Ww 
wenlLi=qeewe . S\iqole }+faiete= 


ot vigvisne bebasot os vsiiw symhds toa ob ast Tae 


A A SEM 


Part 3- Component Reference Coaxial Line - 


Part 3 - Component Reference 


Coaxial Line - 


SPECIFICATIONS | COMPONENT NODES 


/—Tline|Zo= | vaW= fin= [+ In= 


External nodes: 4 Internal nodes: 0 


Description 


The Coaxial line is a special case of the transmission line, open 
or shorted stub elements. It is selected by first selecting the ap- 
propriate type line (either transmission, open or shorted stub) 
and then pressing "S” for special and "C" for Coaxial line. 


The coaxial line presents a straightforward method of using a 
specific length of coax when the line impedance and velocity 
factor are known. 


ee ee 


Entries 


Zo= Line Impedance in Ohms. This is the characteristic im- 
pedance of the coaxial cable. Negative values are allowed. 


The following two entries are used by LCAS to calculate the ef- 
fective 1/4 wavelength of the coax. 


Line Length The physical cable length in inches. 


Velocity Factor The ratio of the velocity of propagation in the 
coax to that of light in free space. Values must be between 
001 and 1. Typical cables are in the range from 0.5 to 0.95. 
Negative values are not allowed. 


eee 
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+/-In=(Out=) Nodes The input and output nodal connec- 
tions. The coaxial line is bi-directional. The plus and 
minus indicators are used for phasing. By convention the 
plus in and out represent the center conductor and the 
minus in and out nodes represent the shield and would 
typically be connected to node 0. Coaxial stubs do not re- 
quire entry of the "out" nodes. 


Notes 


The coaxial transmission line can directly simulate common or 
imaginary coaxial cables. The characteristic impedance and 
velocity of propagation for several typical coax cables is given 
below for reference. The velocity of propagation is mainly a 
function of the center conductor insulation material, where 
polyethylene typically yields 0.66 and cellular polyethylene 
yields 0.78. Consult the cable manufacturer’s specifications for 
your type as specifications often vary by manufacturer. 


Cable Impedance Velocity Factor 


RG-6/U 750, 0.78 
RG-8/U 520, 0.66 
RG-8/U 572 0.78 
RG-11/U 750, 0.66 
RG-58/U 500 0.66 
RG-58A/U 500 0.78 
RG-59/U 73 0.66 
RG-59A/U 750 0.78 
RG-62/U 9380 0.84 
RG-174/U 500 0.66 
RG-213/U 500 0.66 
RG-214/U 500 0.66 
1/4" Heliax 500 0.79 
1/2" Heliax 500 0.88 
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Part 3 - Component Reference Delay Line - 


Delay Line - 


|__TyPE| SPECIFICATIONS | COMPONENT NODES | 


External nodes: 2 Internal nodes: 0 


Description 


The Delay Line is a special case of the transmission line ele- 
ment. It is selected by first selecting the transmission line and 
then pressing "S" for special and "D" for Delay line. 


The Delay line is used to introduce a time delay into a circuit at 
a specific point. 


Entries 

Td= Time delay in seconds. Negative values are not allowed. 

Av= Gain in Volts/Volt. Values can either be positive or 
negative. Pressing the [Return] or right arrow key defaults 
to a gain of 1.0. 

In=(Out=) Nodes The input and output nodal connections. 
The delay line is not bi-directional, so node entry order is 
important. 

Notes 


The Delay Line has an infinite input impedance and an output 
impedance of 0.1 Ohm. 
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The delay element is useful in making transversal filters and as 
an element in phase locked loop circuits where the delay can be 
used to simulate digital circuit delay times or long feedback 
loops. Also see the divider for PLL delay. 


Most digital filter implementations use delay elements with 
weighted tap coefficients. This technique is easily modeled 
within LCAS. The only limitation is that in digital filters, num- 
bers must be of finite word lengths. LCAS with an 8087 supports 
80 bit word lengths, somewhat better than reasonable hardware 
implementations. Therefore filters modeled in LCAS perform 
quite well, but when built with significantly truncated word 
lengths may be degraded. 


Tapped delay lines can be constructed of multiple series con- 
nected delay line elements. 


See Appendix F for example circuits using the Delay Line. The 
RD_BW circuit is a 2 pole Butterworth lowpass filter and the 
FWD_TRAN circuit is a non-recursive, N=10, hanned 
transversal lowpass filter. 
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Part 3 - Component Reference Divide by N - 


Divide by N - 


PoeN [N= [Td fRin= Fouts] 7 | 


External nodes: 2 internal nodes: 0 
1if delay > 0 


Description 


The divide by N clement is used on either or both of the phase 
detector inputs to scale the reference or VCO frequency. The 
divider may be used as a multiplier by making the N value less 
than one. The divider can also introduce time delay into the 
PLL for simulation of divider delay or "long" loops. 


eR ee 


Entries 


N= __ Divide ratio. Divisors do not have to be integer, and may 
be negative. A value between 0 and 1 results in a multiplie 
rather than divider. 


Td= Time delay in seconds, The time delay defaults to 0.0 
seconds if either the [Return] or right arrow key is 
pressed at this entry. The time may be zero but not nega- 
tive. 


Nodes. The input and output nodal connections, labeled fre- 
quency in and out. 


EU Ta 
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. Notes 


The input impedance is infinite and the output impedance is 0.1 
Ohm. 


The Divide by N element is non-inverting. 

To model a frequency multiplier simply enter the inverse of the 
multiplier factor. For example to model a times five multiplier, 
the entry should be 1/5, entered as 0.2. 


An example file of a phase locked loop using the divider (named 
"LOOP") is included on the master diskette. 


For more information on the Divide by N use in phase locked 
loop circuits see Appendix D. 


0 
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Part 3- Component Reference _ FET - 


FET - 


__Tyee|_sPEcIFICATIONS | COMPONENT NODES _ 
Corer [Gm= | | [Gate=Bree= Drain 


External nodes: 3 Internal nodes: 0 


Description 


The Field Effect Transistor element provides a generic device 
capable of simulating any single gate FET, either N or P chan- 
nel, The FET represents an ideal transconductance. 


Entries 


Gm= Transconductance in mhos (1/Ohms). Gm is equal to 
lout/Vin. Values can either be positive or negative. Nega- 
tive values provide a non-inverting transconductance. 


Nodes Connections for the gate, source and drain. The source 
and drain are not interchangeable. See notes. 


Notes 


Imho = 1 Amp/Volt. 


Normally the transconductance is inverting through the FET but 
by use of a negative Gm value it is non-inverting. This can be 
useful for analyzing a specific node for its impedance or for 
scaling signal levels on passive circuits with source and terminat- 
ing impedances (see the Tips and Techniques Appendix). 
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Seeders Uhoresupesvassnssshsssisshtretnmnsaneanssnstmisnvistisesmcecsens 


The transconductance is not dependent on any operating condi- 
tions as it would be using a real world device, so take care not to 
over estimate the performance of a particular circuit until you 
have varied this parameter over the ranges that will actually be 
encountered. 


The gate and drain impedance is infinite. This element is an 
ideal FET, it is perfectly linear, has no internal feed-back, is in- 
sensitive to frequency and is completely independent of external 
forces. 


Caution, typical FETs are symmetrical, allowing the source and 
drain to be swapped with little effect. This does not hold true 
here, the gate and drain are always relative to the source for for- 
ward transconductance. 


To approximate a real world FET it is usually necessary to 
model the particular device being used. This can be done, 
generally, by placing resistors and capacitors between the ter- 
minals of the ideal FET element to represent the real world ter- 
minal impedances. This method is often useful to several tens of 
megahertz. Once modeled it can be saved and later used again 
by merging it into your circuit as you are creating it. 


Example - J310 RF FET Modeled @ Id= 10mA 


Gm = 12mrmhos s 


Ci = gate to source capacitance 
C2 = gate to drain capacitance 
R1 = 1/Gos, or output resistance 


Note, this is just one general form, a FET can be modeled in 
several different ways and to any level of accuracy required. 
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Part 3 - Component Reference — Inductor - 


Inductor - 


z SPECIFICATIONS [cos 


| Induce [Val= | 2 
External nodes: 2 Internal nodes: 0 if 
parallel or infinite Q, 
1 if series Q specified. 
Description 


The inductor element provides an inductive reactance that is 
either perfect (without loss) or with a prescribed Q, repre- 
senting a real world lossy inductor, between the two nodes indi- 
cated by the user. 


Entries 


Value= Inductance in Henrys. Use engineering or scientific 
notation. Negative values may be used to simulate special 
conditions, 


Qs= (or Qp=) Element Q. Pressing [Return] or the right 
arrow key defaults to an infinite Q. A direct value entered 
results in a series resistor addition. If the entry is preceded 
by "P" then the value results in a parallel resistor addition. 
In either case LCAS reminds you of the present connec- 
tion by using "Qp=" or "Qs =" in the specification cell. 


Nodes The order of nodal entry is not critical. 
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. Notes 


(, 


Special types of inductors such as tapped inductors and mutual- 
ly coupled inductors are simulated using the transformer ele- 
ment. See the "X-former" element in this chapter for more 
details. 


Q may be modeled as either a parallel or series loss by preced- 
ing the Q entry with the letter "P" or "S" respectively. Therefore 
an entry of "P100" defines an inductor with a parallel loss and an 
entry of "S100" defines an inductor with a series loss, both 
having a Q of 100. Negative Q values are not allowed. If no let- 
ter is specified then series loss is assumed. If no value or a value 
of zero is specified then a Q of infinity is assumed. 


9 forpl = PORN a AVA 


Parallel Series 
Inductance "Q" Models 


The formulas LCAS uses to calculate the series and parallel 
resistor values to place in these circuit models are: 


R=2afmLQ Parallel resistor 
R= aint Series resistor 


where fm is the frequency mean or median calculated by: 
fm = Vf start e f stop, Sweep=Log 


or 
fm =(f start+f stop)/2, Sweep =Linear 


» The value of fm does not change when an expanded analysis is 
performed. 
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Part 3 - Component Reference : Inductor - 


For circuits that require the utmost in accuracy, an inductor can 
$ ; be modeled with both a series and parallel loss. The only re- 
quirements are that the peak O and frequency that the Q peaks 
at are known. Modeling an inductor by this method requires the 
addition of two external resistors and the use of the following 


equations: 
R1 
Ri=4n7 {LQ 
ment 
‘g R2 


Where, f = frequency at which Q is at its peak 
L=Inductance of the inductor being modeled 
Q=Peak Q at frequency f 
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Loop Amplifier - 


External nodes: 2 Internal nodes: 2 


Description 


The Loop Amplifier element is intended to be used as a Phase 
Locked Loop component. It is normally placed between the 

phase detector output and the VCO control input. The charac- 
% teristics assigned to the Loop amplifier are a major determinant 
of the PLL response. 


Entries 


BW= Unity gain bandwidth in Hertz. This value does not in- 
clude the effect of the response zero given below. Negative 
values are not allowed. 


Fz= Frequency of the response zero in Hertz. Negative values 
are not allowed. 


Nodal connections For the input and output. Unlike an 
operational amplifier, the loop amplifier has only a single 
input and output. It is also non-inverting. 


Notes 


The loop amplifier has an infinite input impedance and a 0.1 
Ohm output impedance. 
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Part 3 - Component Reference Loop Amplifier - 


The loop amplifier is intended for but not restricted to use in 
phase locked loop circuits as part of second and third order 
loops. It has a single pole at zero frequency and a single zero at 
Fz. 


The loop amplifier is non-inverting unlike typical op-amp loop 
amplifiers. Therefore, if this device is substituted for an invert- 
ing op-amp in a PLL, then a negative gain in the companion 
phase detector or swapping the phase detector inputs is re- 
quired to re-invert the signal, providing negative feed-back. 


A model of the internal construction of the loop amplifier is 
shown in the schematic below. 


Gm = 10 


Gm = .001 


out 


0.10 


The values for R and C are calculated by - 


eee ee eer 
wi 2000 Fz 

an 
5 2aC BW 


The sample file "LOOP" included on the master diskette gives 
an example of the typical application of the loop amplifier in a 
phase locked loop. See Appendix F. 


For more information on the use of the loop amplifier in phase 
locked loop circuits refer to Appendix D. 
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Microstrip Line - 


External nodes: 4 Internal nodes: 0 


Description 


The Microstrip line is a special case of the transmission line, 
open or shorted stub elements. It is selected by first selecting 
the appropriate type line (either transmission, open or shorted 
stub) and then pressing "S" for special and "M" for Micro strip 
line. 


The microstrip line is used to define a form of transmission line 
typically built onto the structure of printed circuit boards or 
ceramic materials. It is defined by the geometry of the structure. 
The microstrip consists of a strip of conductor above a ground 
plane, separated by a dielectric material. 


eee ee ee ee ee ee 

Entries | The Impedance (Zo) and 1/4 wavelength of the line are 
calculated by LCAS from the following five entries: Nega- 
tive values are not allowed. 


Dielectric Constant The dielectric constant of the material 
used between the conductor strip and ground plane. 


Dielectric Thickness The distance between the conductor 
strip and the ground plane in inches. 


Line Thickness The thickness of the conductor strip in inches. 
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Part 3 - Component Reference ; Microstrip Line - 


Line Width The width of the conductor strip in inches. 
Line Length The length of the conductor strip in inches. 


Nodes The input and output nodal connections. The 
Microstrip line is bi-directional. The plus and minus in- 
dicators are used for phasing. By convention the plus in 
and out represent the conductor strip. Microstrip stubs do 
not require entry of the “out” nodes. 


Notes 


During entry the limits for each value entry are calculated and 
presented based on previous entries. 


You may "back-up" during parameter entry using the [Ese] or 
left arrow key. 


The approximations used to calculate the impedance and 1/4 
wavelength of the line from the entered parameters are those 
presented by Dr. I. J. Bahl and D. K. Trived as published in 
"Microwaves", May issue, 1977, starting on page 174. 


The microstrip transmission line, open and shorted stubs are 
useful in making circuit board traces as elements of a circuit, or 
for determining the effect of traces on the operation of a circuit. 
The characteristics of some common materials and circuit board 
types are listed below for reference only. You should consult 
manufacturer’s information to determine the specifications of 
the specific materials being used. 
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Board/Material 


Fiberglass FR4/G10 
Teflon impregnated 

glass or Duroid® 
Polycarbonate 
Polyethylene 
Polystyrene 
Aluminum oxide 
Porcelain 


Dielectric Constant 
45to 5.5 


2.2 to 2.6 


If only the copper weight on a pcb is known, the line thickness 
may be computed as approximately 0.00135 inches per ounce. 
ie. 2 ounce copper has a thickness of 0.00270 inches. 
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Part 3 - Component Reference OT-Line or Open Stub - 


OT-Line or Open Stub - 


TYPE} SPECIFICATIONS | COMPONENT 
OTLine|Zo= | W= [a= [rIn= | 


External nodes: 2 internal nodes: 0 


Description 


The Open Stub element is a transmission line with a single port. 
The other end of the line is considered "open". 


) Special balanced stripline, coaxial and microstrip versions of the 
oO open stub are available if parameters for that line type are 
known, 


Entries 


Zo= Characteristic impedance in Ohms. Negative values may 
be used to simulate special conditions. 


1/4W= One quarter wavelength frequency in Hz. Negative 
values are not allowed. 


Nodal connections For the + and - inputs. The two inputs 
are symmetrical but, if one side of the line is grounded, by 
convention it would be the negative side. 


mr LL 


Notes 


oO The characteristic impedance of the open stub is equivalent to 
VL/C where L and C are the inductance and capacitance per 
unit length. 
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1/4 Wave or 90° frequency is in Hertz. Negative values are not 
allowed. This entry provides the effective length of the open 
stub. The 1/4 wave frequency can be calculated from the length, 
L, using the formulas: 


1/4 wave freq. (MHz) = 2950/L{inches) = 246/L(ft) 
(kHz) = 2,950,000/L(inches) = 246,000/L(ft) 


If the physical dimensions of a particular type of open stub are 
known then use the appropriate special versions of open stub 
available. They are a balanced stripline, coaxial cable and 
microstrip. See these special versions in this section for more 
specifics. 
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Part 3 - Component Reference Operational Amplifier - 


Operational Amplifier - 


[Op-Amp| v= [BW= [n= [+In= FOst= |r Outs 


External nodes: 4 Internal nodes: 0 


Description 


The Op-amp element provides a differential input, differential 
output operational amplifier. Both the open loop DC gain and 
gain bandwidth product are user defined. 


Entries 


Av= Open loop gain in Volts/Volt. Negative values may be 
used to simulate special conditions. 


BW= Frequency of the unity gain point in Hertz. An infinite 
bandwidth may be specified by entering "0". Negative 
values are not allowed. 


Nodal connections for the + and - inputs and outputs. The 
minus output is the opposite phase of the plus output and 
is available on some amplifiers. This amplifier has a true 
differential output having no reference to ground. For a 
single ended output representation the unused output 
(normally the -) is connected to ground, node 0. 
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Notes 


Open loop DC gain is in Volts/Volt. Values can either be posi- 
tive or negative. Typical values for a few common amplifier 
types are given below. 


For general purpose amplifiers a specific gain can be entered in 
a circuit utilizing no feed-back to provide a fixed gain of that 
value. Sec the example configuration below. 


Normally the unity gain frequency (the frequency at which the 
amplifier has no gain or loss) is known, but for amplifiers where 
only the pole or break frequency is known then use the following 
equation to determine the proper unity gain frequency (This as- 
sumes a single pole, if there are additional poles, they must be 
modeled externally. Note this might be most easily achieved by 
cascading multiple Op-Amps, each with its own pole and a com- 
bined gain equal to the desired total). 


BW=Ay efp 


Where, BW= Unity gain bandwidth freq. in Hertz 
Av=Open loop DC gain 
fp =Pole freq. in Hertz 


The input impedance and common mode rejection are both in- 
finite. The output impedance, between the plus and minus out- 
puts, is 1/10 Ohm resistive and may have a capacitive com- 
ponent depending on the unity gain frequency chosen, if any. 


Op-amp ‘Typical Typical 
Type Gain Unity Gain BW 
741 200k 1.0 MHz 
TLO61 6k 1.0 
TLO81 300k 4.5 
LF351 100k 4.0 
LM324 100k 1.0 
LM318 200k 15 
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Part 3 - Component Reference Operational Amplifier - 


For single ended input operation ground the unused input, for 
single ended output operation ground the unused output. This 
makes the appropriate input and/or output relative to ground. 


EXAMPLE 1 - The use of the op-amp in a standard configura- 
tion with feedback elements, and the use of the op-amp as a 
gain block element with no feedback are shown below. 


e.g. for Gain = 15 
and 308 BW = iMHz 
set Av = 15 end BW = 15MHz 


Gain Block 
Single-ended input and output 


EXAMPLE 2 - Operational Transconductance Amplifier with 
single or double ended input and/or output. 


The Operational amplifier can also be used to derive an opera- 
tional transconductance amplifier. The operational amplifier is 
a voltage amplifier whose output voltage is dependent on the 
voltage between its two differential inputs. The transconduc- 
tance amplifier however delivers a current output dependent on 
the voltage between its two differential inputs. 


To convert the operational to 
a transconductance amplifier 
a resistor is placed between 
the plus and minus amplifier 
outputs with a resistance of 
minus 0.1 Ohm. This cancels 
the normal op-amps output 
resistance of 0.1 Ohm. 


The gain of the Op-amp (Av) now represents 10 times the Gm 
of the modeled OTA. At the Av prompt therefore, enter 1/10th 
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of the desired OTA’s Gm. The BW entry should be set to in- 
finity. 
9 * 


EXAMPLE 3 - Model of an LM318 Multiple pole op-amp with 
one zero, differential input and single ended output. 


a> 
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Part 3- Component Reference _ - Phase Detector - 


Phase Detector - 


pees Ring | © 


External nodes: 3 internal nodes: 0 


Description 


The Phase Detector element accepts input from two frequen- 

cies that are compared in phase, and generates an output which 

=" contains magnitude and directional information relative to the 

y two inputs. The two inputs are the Reference and VCO refer- 
ring to the source of these signals in a PLL circuit. 


Entries 


V/D= Detector gain (Kd), or volts of output change per de- 
gree of input phase difference. The Kd in volts/radian may 
be entered by appending '/R" to the value. If already 
specified in Volts/Radian the input can be set to 
Volts/Degree by appending '/D". Negative values may be 
used to simulate special conditions. 


Nodal connections. For the reference input (Rin), VCO 
input (Vin) and output. Swapping the two inputs inverts 
the output phase. 


| Notes 
A) 
The input impedances are infinite and the output impedance is 
0.1 Ohm. See Appendix D for typical use in phase locked loops. 
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eesistor - 


“Node INode [ee [oer © 


External nodes: 2 internal nodes: 0 


Description 
This element provides a purely resistive, non-reactive resistance 
between the two nodes indicated by the user. 
9 Sntries 
Value= Resistance in Ohms. Use engineering or scientific 
notation. Negative values may be used to simulate special 
conditions. 


Nodes The order of nodal entry is not critical. 


Notes 
At high frequencies a capacitor and/or inductor may have to be 
added to simulate actual resistor characteristics. For instance a 


wirewound resistor will exhibit both capacitance and induc- 
tance. 
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Part 3 - Component Reference. ST-Line or Shorted Stub - 


ST-Line or Shorted Stub - 


External nodes: 2 internal nodes: 0 
Description 

The Shorted Stub is a transmission line with a single port. The 

other end of the line is considered "shorted". 

Special balanced stripline, coaxial and microstrip versions of the 


shorted stub are available if parameters for that line type are 
known. 


Entries 


Zo= Characteristic impedance in Ohms. Negative values may 
be used to simulate special conditions. 


1/4W= One quarter wavelength frequency in Hz. Negative 
values are not allowed. 


Nodal connections. For the + and - inputs. The two inputs 
are symmetrical but, if one side of the line is grounded, by 
convention it would be the negative side. 


Notes 


The characteristic impedance of the shorted stub is equivalent 
to VL/C where L and C are the inductance and capacitance per 


unit length. 
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1/4 Wave or 90° frequency is in Hertz. Negative values are not 
allowed. This entry provides the effective length of the shorted 
stub. The 1/4 wave frequency can be calculated from the length, 
L, using the formulas: 


1/4 wave freq. (MHz) = 2950/L(inches) = 246/L(ft) 
(kHz) = 2,950,000/L(inches) = 246,000/L(ft) 


If the physical dimensions of a particular type of shorted stub 
are known then use the appropriate special versions of shorted 
stub available. They are a balanced stripline, coaxial cable and 
microstrip. See these special versions in this section for more 
specifics. 


High frequency amplifiers can use stub devices for modeling im- 
pedance matching networks. 


Comb-line filters can be modeled as a series of stub elements 
with coupling capacitors. See the example circuits on the master 
diskette labeled "COMB _ 3" and "COMB_7" 
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Part 3 - Component Reference | Transistor - 


Transistor - 


SPECIFICATIONS | COMPONENT NODES 
ee 


NO 
rR(b=)= [Base=Emi=(Col= [ 


External nodes: 3 internal nodes: 0 


Description 


The Transistor element provides a first order bipolar transistor. 
The transistor is a generic element that may be considered 
2 either NPN or PNP. Both beta and R(b-e) are user defined. 
ER 
Entries 
Beta= Device Beta and is equal to Ic/Ib or the forward cur- 


rent transfer ratio. Values can either be positive or nega- 
tive. 


R(b-e)= Base-emitter junction resistance in Ohms. 


Nodal connections. for the base, emitter and collector. 


ne 


Notes 


Note the Beta is not dependent on any operating conditions as it 
would be using a real world device, so take care not to over es- 
| timate the performance of a particular circuit until you have 
varied this parameter over the ranges that will actually be en- 
Ee) countered. 


enna P Tt 
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The R(b-e) resistance is mainly dependent on the junction 
material, junction temperature and collector current. This infor- 
mation can usually be located in a transistor data book under 
small signal characteristics. Look for the h parameter hie or 
input impedance where common emitter configuration is indi- 
cated. For silicon devices this can be approximated by using the 
following equation: 


R(b-e) = (Kt/q) e Beta/lc 


Where, R(b-e ) = Base-emitter resistance, in Ohms 

Beta = Collector current/Base current 

Ic = Average collector current, in Amperes 

Kt/q = 0.026 at 25°C 

Where, 
K = Boltzmann’s constant, 1.38 e 10°°° 
t = Temperature in Kelvin, (298.2°K = 25.0°C) 
q=Charge of an electron, 1.602 « 10°? 


Typical entries for several common transistor types are given 
below if no other information is available. These values are in- 
tended to be used as a guide and should only be used in non- 
critical analysis. 


Generic Type Beta at mA Rb-e 
small signal npn 190 @ 1 5k 
250 @10 700 
100 @ 100 100 
medium power npn 170 @ 10 600 
150 @100 200 
80 @500 100 
high power npn 80 @ 1000 75 
RF amp 70 100 


The collector impedance is infinite. This element is an ideal 
transistor, it is perfectly linear, has no internal feed-back, is in- 
sensitive to frequency and is completely independent of external 
forces. To approximate a real world transistor, especially at 
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Part 3 - Component Reference Transistor - 


higher frequencies, it is usually necessary to model the par- 
ticular device being used. This can be done, generally, by plac- 
ing resistors and capacitors between terminals of the ideal tran- 
sistor element to represent the real world junction impedances. 
This method is often useful to several tens of megahertz. Once 
modeled it can be saved and later used again by merging it into 
your circuit as you are creating it. 


Example - 2N2222A Modeled @ Ic = 10mA 


Q1 Beta = 150, R(b-e) = 662 Ohms, Ic = 10 mA 


C1 = base-emitter capacitance 

C2 = collector-base capacitance 

Ri = CceRb/C2 

R2 simulates the output impedance 

The R(b-e) shown Is the actual R(b-e) minus R1 


Cc e Rb =collector—base time constant 
(Typically < 150pS for a 2N2222A transistor) 


Note, this is just one general form, a transistor can be modeled 
in several different ways and to any level of accuracy required. 


arn Te 
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Transmission or T-Line- 


SPECIFICATIONS | COMPONENT NODES 


[Thine [Zo= —_[4W= fin= [+In= FOut= fr Ou 


External nodes: 4 Internal nodes: 0 


Description 


Purpose: This element provides either a two port bidirectional 
transmission line that may be characterized in several different 
ways or a unidirectional delay line with both delay time and gain 


® user defined. 


~ Entries 


Zo= Characteristic impedance in Ohms. Negative values may 
be used to simulate special conditions. 


1/4W= One quarter wavelength frequency in Hz. Negative 
values are not allowed. 


Nodal connections. For the + and - inputs and outputs. The 
two inputs and outputs are symmetrical but, if one side of 
the line is grounded, by convention it would be the nega- 
tive side. . 


Notes 


Do not use the Transmission Line to represent an open or 
shorted transmission line. Instead use the stub devices. 
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Part 3 - Component Reference Transmission or T-Line- 


The characteristic impedance of the transmission line is 
equivalent to VL/C where L and C are the inductance and 
capacitance per unit length. 


1/4 Wave or 90° frequency is in Hertz. Negative values are not 
allowed. This entry provides the effective length of the transmis- 
sion line. The 1/4 wave frequency can be calculated from the 
length, L, using the formulas: 


1/4 wave freq. (MHz) = 2950/L(inches) = 246/L(ft) 
(kHz) = 2,950,000/L(inches) = 246,000/L(ft) 


If the physical dimensions of a particular type of transmission 
line are known then use the appropriate special versions of 
transmission line available. They are a balanced stripline, 
coaxial cable, microstrip. There is also a special delay line ver- 
sion of the transmission line. See these special versions in this 
section for more specifics. 


Nc a 
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: VCO - 


VCO 


Veltage Controlled Oscillator 


|_TYPE SPECIFICATIONS | COMPONENT NgPES 


gee n= |Fout= EOE AL 


External nodes: 2 Internal nodes: 1 


Description 


The VCO produces a frequency that is dependent on the input 

voltage. As shown in the sample circuits, the VCO normally 

derives its input contro! voltage from the Loop amplifier. 
3) Specification of the VCO requires: 


Entries 


F/V= Gain factor in Hertz per Volt, or the frequency change 
per Volt. Negative values may be used to simulate special 
conditions. 


Nodal connections. Input voltage control nodal connection 
and output nodal connection. 


Notes 


The VCO input impedance is infinite and the output impedance 
is 0.1 Ohm. 
@ The VCO element is non-inverting. 


An example file of a phase locked loop using the VCO is in- 
cluded on the master diskette under the name "LOOP. 
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Part 3 - Component Reference VCO - 


Refer to Appendix D for more information on the typical use of 
VCOs in phase locked loops. The VCO element may also be 
used as an FM modulator as described in Appendix D under 
"Loop Tracking". 
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© Former (Transformer)- 


a 


Tp=__[Ts=__[Pr= [+Pri-[Ser= [rSec= 


External nodes: 4 internal nodes: 1 


Description 


The transformer element is an ideal two port bi-directional 

device providing impedance matching (voltage and current 

transforming) determined by its turns ratio. No inductance is 
- represented by the transformer element. 


eee aA SSS SG Ea 


Entries 


Tp= Number of primary turns. Negative values invert the 
phasing. 


Ts= Number of secondary turns. If only the turns ratio 1s 
known then those numbers may be used directly. No 
parameters are computed using the specific number of 
turns in the primary or secondary, but instead are com- 
puted from the ratio only. Negative values invert the phas- 
ing. 


Nodal connections. For the + and - connection of the 
primary and secondary of the transformer. The + and - 
designations indicate phasing. The transformer is bi-direc- 
tional and the terms primary and secondary are for con- 

@ venience only. 


a 
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Part 3 - Component Reference X-Former (Transformer)- 


Notes 


The absolute value of the number of primary and secondary 
tums is not important, only the ratio between them determines 
the characteristics of the transformer. The number of turns can 
either be positive or negative. Entering a negative number of 
primary turns for example, indicates the turns are rotating op- 
posite a positive value and simply results in effectively swapping 
the + and - primary node connections. 


The primary to secondary isolation and internal impedances are 
infinite. This element is an ideal transformer, it is perfectly 
linear, has no inductance, a coupling coefficient of 1 and is in- 
sensitive to frequency. By adding additional components it can 
be made to represent a real world transformer, mutually 
coupled inductors with a prescribed coupling coefficient or a 
tapped inductor. These configurations can be determined by 
using the following examples: 


Transformer Models 


Transformers with Inductance 


Transformers with inductance are generated by placing an in- 
ductor in parallel with the primary of a transformer. The real 
device on the left of the following figure is modeled using a 
transformer and one inductor as shown, and the following equa- 


tions: 
: @) 
2 Sec 


t™ © 


ae FE 


L1 = Lp with the “ear open 
Ls = L1 e (Ts/T p)? 
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Mutually Coupled Inductors 


To simulate mutually coupled inductors where the coupling 
coefficient is less than 1 the turns ratio of the transformer is 
modified and an inductor is added in series with the secondary 
of the transformer as shown below 


k<1 @) 2 @ 


Sec 


sae 


The formulas for computing the turns ratio and inductances are: 


Tp fav she 
Li= 

L2 = Ls-(Lp/Tp?) 
Where, Ts=1.0 


Lp =Primary inductance with secondary open 
Ls = Secondary inductance with primary open 
k =Coupling coefficient between inductors 


The file XFMR_BP is an example of mutually coupled induc- 
tors with ak = 0.01 


Mutually Coupled Inductors with Loss 


When modeling inductors with finite Q, care must be taken to 
place the loss elements in the proper place. For parallel losses 
use the inductor’s built in O on both L1 and L2. For series los- 
ses use external resistors in series with the primary and secon- 
dary of the transformer model representing the winding’s wire 
resistance. 
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art 3 - Com nt Reference X-Former (Transformer)- 


@) @ 

tgs 
L1 

@) Tp 


Example of Series Loss Modeling 


Dip vn 
Sec 
Ts 


® 


Tapped inductors 


A tapped inductor is simulated by tying one of the primary con- 
nections to the secondary, Normally the connection is made 
from the plus lead of one side of the transformer to the minus 
on the other side to indicate a continuous winding and phasing. 
Since the transformer device exhibits no inductance by itself, an 
inductor must be added separately as shown. 


In the case where the coupling coefficient k is equal to 1, the 
primary and secondary turns of the transformer are the same as 
that in each side of the tapped inductor. The turns ratio defines 
the position of the tap. For instance a 1:1 ratio simply means 
that the inductor is center tapped. The total inductance from 
the inductors + to - lead is modeled as a single inductor bridg- 
ing the transformer as shown in the schematic below. 


Li k=1 
MASTS? eae 
: Tp @” 


The circuit file DELAY is an example of a tapped inductor with 
coupling coefficient k = 1 


@ 


For a tapped inductor with a coupling factor less than 1 the 
form of model shown below is used. 
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The computation of the turns ratio and inductor values to simu- 
late a coupling coefficient less than 1 is the same as that used for 
the mutually coupled inductors with k < 1. 


The transformer can be used as a return loss measuring device. 
See Appendix E on "Tips and Techniques” for an explanation. 
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Part 3 - Component Reference Impedance Source 


Impedance Source 


External nodes: 3 Internal nodes: 0 


Description 


The impedance source is a special version of the transformer 
element providing a user defined output impedance unrelated 
to the input inpedance. A reflected signal output is also 
provided that can be used to indicate the return loss, due to mis- 
match, of a circuit connected to this element’s output node. The 
function is similar to that of a loss-less hybrid. 


Entries 


Zo= Source impedance (Zout) in Ohms. Negative values may 
be used to simulate special conditions. 


In= The input node, normally specified as the LCAS input. 
Refl= The node containing the reflected information. This 
node may be connected to ground if not being used as the 


output. 


Out= The output node. Normally connected to the circuit to 
be fed with the specified impedance. 
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Notes 


3-54 


The impedance source has an infinite input impedance, thus the 
output impedance is determined strictly by the specified Zo. 
The reflected signal node has a 0.1 Ohm output impedance. 


The reflected signal is relative to the input signal. If the input is 
not at a 1 VRMS point, such as the LCAS source, then the 
return loss read at the reflected port will not read directly in dB, 
but in dB relative to the input. 


If the reflected signal is not used it should be connected to 
ground (node 0). Although an error is not produced by leaving 
it unconnected, this will use one additional node and slow the 
analysis slightly. 


The impedance source was specifically included to allow feed- 
ing a circuit with a specified source impedance, while eliminat- 
ing the 6 dB loss normally associated with using a resistor as the 
source impedance element. It requires the same number of 
nodes as a resistor and can be used to replace a resistor source 
in any existing circuit file. 


When analyzing circuits with unequal source and terminating 
impedances, it is recommended that the circuit under test be 
terminated with the Matching Transformer element and a load 
resistor equal to that of the source impedance. The Matching 
Transformer is used to return the impedance of the circuit’s 
output to that of the source. This allows direct measurement of 
the circuits power gain or loss, 


LCAS analyzes circuits in terms of voltage not power, therefore 
to measure relative power, the impedances where LCAS is driv- 
ing and recovering data must be the same. If these impedances 
are not the same the voltage information provided by LCAS will 
have to be converted manually into the equivalent power at both 
the source and termination to determine the circuit’s power 
transfer function. P= V7/Z 
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Part 3 - Component Reference Matching Transformer 


Matching Transformer 


[former |Zp= __[Zs= [Prix [+Pri=[See= |Sec= 


External nodes: 4 internal nodes: 1 


Description 


The matching transformer is a special version of the transformer 
element which performs impedance matching as determined by 
direct primary and secondary impedance value inputs. 


Entries 


Zp= Primary impedance in Ohms, Negative values are not al- 
lowed. 


Zs= Secondary impedance in Ohms. Necative values are not 
allowed. 


Nodal connections. For the + and - connection of the 
primary and secondary of the transformer. The + and - 
designations indicate phasing. The transformer is bi-direc- 
tional and the terms primary and secondary are for con- 
venience only. 


Notes 
The primary to secondary isolation and internal impedances of 
this element are infinite. The matching transformer represents 


and ideal transformer, perfectly linear, insensitive to frequency, 
with no inductance and a coupling coefficient of 1. 
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The Matching Transformer element is identical to the Trans- 
former element with the single exception that the number of 
primary and secondary turns are calculated by LCAS based on 
the primary and secondary impedance specified. The formulas 
LCAS uses to calculate the primary and secondary turns are: 


Ts = VZs/Zp 
where, Tp=1 


Zp =Primary Impedance in Ohms 
Zs = Secondary impedance in Ohms 


One main purpose of the matching transformer is analysis of cir- 
cuits with unequal source and terminating impedances. It is 
recommended that the circuit under test be terminated with the 
Matching Transformer element and a load resistor equal to that 
of the source impedance. The Matching Transformer is used to 
return the impedance of the circuit’s output to that of the 
source. This allows direct measurement of the circuits power 
gain or loss. 


LCAS analyzes circuits in terms of voltage not power, therefore 
to measure relative power, the impedances where LCAS is driv- 
ing and recovering data must be the same. If these impedances 
are not the same the voltage information provided by LCAS will 
have to be converted manually into the equivalent power at both 
the source and termination to determine the circuit’s power 
transfer function. P = V7/Z 
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@ Command / Menu Summary 


[Analyze 
Analyze........ Analyze circuit from Start frequency to End fre- 
quency, 
Expanded Analysis....... Analyze circuit from lowest graphic 
marker freq to highest graph marker freq. 


[Graph 
View Graph Starts the graphing process. Present only in 
the manual scale mode and before the ini- 
tial graph. Cannot be "Escaped" from. 


New Graph. pea present graph and generates new 
scales, 
v Add (Last iF Present). Adds present data to last graphed 
ata 


Subtract (Last-Present)......Subtracts present data from 


last graphed data. 

Present Only............... Uses present data only, 

Overlay Graph .............. Retains present graph and scaling fac- 

tors. 

Add (Last + Present). Adds present data to last graphed 
data. 

Subtract (Last-Present)......Subtracts present data from 
last graphed data. 

Present Onlly............... Uses present data only. 


Graph Data File.............Graphs analysis results saved pre- 
viously using /Print Data File Analysis or 


Graph 
Directory.. Directory of default drive "DAT" files 
Load......... Loads data file chosen from directory or named. 
After loading LCAS will return to the 
’ /Graph menu 
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Part 4 - Command / Summary 


/Graph (Continued) 
Set Scale Mode ............. Allows toggling of following modes. 
Automatic...........s..ccs00s The verrical scales for magnitude and 
Jorma, are chosen by LCAS to see all 
ata. 


Manual..... You are allowed to chose the maximum and 
minimum scale settings for the magnitude 
and/or phase or delay vertical axis. 


Copy ne Copies highlighted components to end of com- 
ponent list and renumbers the copied component 
nodes. Node 0 remains uneffected. 


/Renumber ....Renumbers ay boat component nodes by add- 
ing a user supplied number. Node 0 remains 
uneffected. 


/Delete ........... ee highlighted components from component 


Printer ......... Directs print data to printer port for output. 
Analysis Results.......... The analysis results are output (.PRA) 


Components ............... The component list is output (.PRC) 


Graph ....... The Graph is output (PRG) 
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/Print (Continued) 
Text File...... Directs print data to default drive for output. 
File will have the extension ".PRA", 


"PRC" or ".PRG". 
Analysis Results......... The analysis results are output (.PRA) 


Components............. The component list is output (.PRC) 
Graph....... The Graph is output (.PRG) 


Data File..... wage Analysis or Graph numerical results 
to a Ile. 
Analysis Results ......... The analysis results are output (PRA) 


Graph....... The Graph is output (PRG) 


FFT File...... Creates a Fast Fourier Transform file of 
analysis or graph numerical results. 


Analysis Results ......... The analysis results are output in spe- 
cial FFT format. (F 


Graph....... The Graph data from the “last" buffer is output 
in special FFT format (.F) 


Directory..... Provides circuit directory of default drive. All 
ies with the extension of ".LCA" are 
shown. 


Save ....cccccs Saves current component list and circuit criteria to 
Sarre drive. File will have the extension 
LCA". 


1080 ..3.c828 Loads component list and circuit criteria from the 
ae drive. Any file with the extension 
of ".LCA". 


Merge.......... Merges component list from the default drive. 
Any file with the extension of ".LCA". 


SS 
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[Files (Continued) 
Erase........0+.. Erases circuit file from the default drive. Any file 
with the extension of ".LCA". The 
wildcard character "?" may be used with 
Erase only. 


N@IME .......04. Used to name the circuit file presently in 
memory. The name then appears on the 
aoe and graphic output, even if the file 

not been saved. Saving a file also re- 


quests the file name. 
Cleans ..0 a5 Clears current component list from memory. 
/Setup 
CO-PLOcessoOr ......ss0ssseee Indicates if the 8087 math co-processor 
installed 
Default Drive .........+00 Indicates which disk drive and path is to 
be used for disk data. 
Circuit Files ................ Specifies the drive/path for circuit files. 
CR Gy senmclns e betens Specifies the drive/path for text files. 
Data Files ...0:....-cescessees Specifies the drive/path for data files. 
FFT Files...........-c.sscsss0e Specifies the drive/path for FFT files. 
Printer ......... Used to setup the printer port and for special 
printer modes via setup strings. 
Set-Up String ............. Allows entry of a string of characters to 
be sent to the printer before each print 
operation. 
Printer Port.......o:s000 Specifies which parallel port a printer is 
connected to. Either 1, 2 or 3 for LPT: - 
LPT3: 
Update.......... Updates configuration file to retain settings. 
Batti. 2nk Returns to command mode. 
uit. Exits the LCAS program and return to the operat- 
ing system. 
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5 SPECIAL PURPOSE KEYS 


Function Keys 
Do rcxcisese Display component list screen. 
RS eee Display analysis results (if available). 
ee riscssans Display graph (if available). 
ee Prints active screen (formats and prints complete 


list or graphic). 


i Starts the analysis of the defined circuit. Equivalent 
to /Analyze Analyze. 

te screens Makes a new graph of the current analysis results. 
Equivalent to /Graph New Graph Present Only. 

a Saves the current circuit definition. Equivalent to 

= [Files Save. 
Dd oe csciscaese Equivalent to /Files Load. 

nd ae Performs a directory of circuit files on the default 
drive/path. Equivalent to /Files Directory. 

| Sea Master escape, Aborts entry at any level. The 
space bar has same effect in most menus 

Control Keys 

eae Moves back one menu selection level. 

TIRE secrecvetessecocees Toggles component insertion mode, allows inser- 
tion of component anywhere in component list. 
Indicated by small "i" on far right of component 
type menu. 

ESR When used with cursor Left/Right keys, on com- 
ponent and analysis result screens it moves 

| cursor extreme left or right, on graphic screen it 
moves active cursor in coarse steps. 
44 DATUM Systems 
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> Graph Control Keys 
\ BPs secs castornntwee Turns on group delay mode when graph screen is 
active. 
Be erccpere ieee Turns on phase mode when graph screen is active. 
|, [vaca gene necator ere Provides noise power information when graph the 
graph screen is active. 


A. occccocccosesseseeeeee PFOVIGES NOISE pees information between 
markers when the graph screen is active. 


oe reriercscateneees Provides phase jitter calculation from a prior 
noise power calculation using "A" or "N". 


Graph Marker Control Keys 
| UE ieetrae Selects Marker one when graph screen is active. 
Q Be sereectenesteresperanee Selects Marker two when graph screen is active. 
® 

Up Arrow Key......... Maxima search on active cursor when graph 
screen is active. 

Down Arrow Key....Minima search on active cursor when graph 
screen 1s active. 

Component Value Edit Keys 

MVD css tisevaciasooeoes Modifies component values by x percent. 

5 9, ies an Reverse modifies component by x percent. 


J 


rere 
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APPENDICES 


Appendices Contents 


Quick Start for Experienced Users 
Often Overlooked Features 
Default Settings 

Modeling Phase Locked Loops 
Tips and Techniques 

Example Files 

Disk File Contents 

installation Notes 

Error Messages 

Problem Locator 

Glossary 

User Support Plan 


APPENDIX A 


QUICK START FOR EXPERIENCED USERS 


Some of you are veteran computer users, already familiar with 
your computer, DOS, spreadsheets and word processors. If this 
is the case then you are probably anxious to begin using LCAS 
immediately, and the detailed instructions are a little too 
detailed. This Appendix is not intended to be taken as a re- 
placement for reading the manual but should get you started 
using LCAS very quickly. Well here goes the fast track- 


1, LCAS is not copy protected. Make a backup of the master 
for safekeeping and create a work-disk for everyday use by 
transferring the file LCAS.EXE to a DOS formatted disk with 
at least 250K of free space. Alternately place it on your hard 
disk. We recommend a sub-directory on a hard disk named 
"DATUM" for the program. 


2, Start LCAS from your working copy with the command 
"LCAS", Within the program you quit using the command "/QY". 


3. The command structure of LCAS is similar to spreadsheets. 
The prompts line is second from the top. Commands begin with 
the slash key "/", with common commands having function keys 
assigned. The bottom two lines of the screen are function key 
reminders. The escape key [Esc] is used to back up from any 
menu. 


4, Configure LCAS using the slash command "/S" for Set-up. 
Call each of the prompted items in turn to tell LCAS if you have 
a Numeric Co-processor (8087), the default drive and path for 
circuit, text, data and FFT files and the printer port and any 
printer initialization string required. The Update option in this 
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menu will create a new configuration file (LCAS.INT) on the 
default drive which LCAS uses to set these items on startup. 


5. Draw a schematic for the circuit you wish to analyze. Con- 
secutively number the nodes of the circuit to be analyzed begin- 
ning with 1 at the input. Node 0 is the ground or common. 


As an example of circuits and node numbering look at the BP 
circuit in "Part 1, Example Session One”. You can load the BP 
circuit file from the master diskette as a sample using the com- 
mand "/FLBP" representing Files, Load, BP. 


6. Components are defined in the component screen by select- 
ing the highlighted letter in the prompt line representing the 
component desired. Additional components are seen by the "M' 
key. The prompt line prompts for other parameters and nodal 
connections required, The cursor keys are used to manuever 
around the screen. 


7. Specify the input and output node, the start and stop fre- 
quency, and whether a linear or logarithmic increment is 
desired. 


8 Save the circuit created using the slash command /FS, using 
an 8 character or less file name without an extention. 


9. Press the [F5] function key to perform the analysis. the 
screen will switch to display the results. When analysis is com- 
pleted you can scroll thru the analysis using the cursor keys. 
The [F1] function key returns to the component screen, and 
[F2] returns to the analysis results. 


10. Press the [F6] function key and the analysis results will be 
graphed. The left and right arrow keys control two graphic line 
cursors, with corresponding info on the bottom of the graphic 
screen. To access the second line marker press "2"; pressing "I" 
will return control to the first line marker. 


Pressing "D" when a graph is displayed will change the phase 
response to a group delay response. Pressing "N" will calculate 
and display the noise power under the curve relative to the level 
of the 1st marker. Pressing "A" will calculate the power repre- 
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Appendix A QUICK START FOR EXPERIENCED USERS 


sented by the integral of the magnitude response between the 
two graphic line markers. 


[F1], [F2] and [F3] can be used to switch between all three 
screens. 


Reference information on all the components supported direct- 
ly by LCAS is contained in Part 2. 


The Command Summary immediately precedes the Appen- 
dicies. 


Again, this has only been a very quick discourse on getting 
started with the LCAS program. There are numerous features 
not covered here which require that you read the manual to 
learn about. 


The circuit files on the disk can be used for samples and are 
briefly covered in Appendix F. Appendix B has a list of features 
in LCAS often overlooked, especially by those who never get 
around to reading the rest of the manual. 
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APPENDIX B 


OFTEN OVERLOOKED FEATURES 


Experience with initial users of the LCAS program showed that . 
there were particular features which seemed to be overlooked 
most often. The presently known features are listed here simply 
for reference. The hope is that those persistant souls who ab- 
solutly refuse to read a manual will at least glance here and pick 
up a few tidbits to make life easier. 


1. File Selection. You don’t have to type in file names to load 
a file. Once a file is saved on disk, first request a directory 
then press "L" for Load and the first file in the directory 
list will be highlighted. Use the cursor keys to highlight the 
correct file and press [Return] to load the file. This pro- 
cedure works with merging circuit files also, and when 
loading an analysis data file for graphing. 


2. Changing Input/Output Node. You can change the input 
and output nodes to see what the response is like at a dif- 
ferent point in the circuit. This is just like using an oscillo- 
scope to view different points in a circuit. 


3. Component Menus. When the component menu/prompt 
is displayed, using the "M" key will show another set of 
components. Since some of these components share the 
same highlighted letter used to invoke the component, you 
must have the correct menu displayed to select those com- 
ponents. . 


4. Noise Power. When a graph is displayed the noise power 
represented by the area under the magnitude response 
can be computed by pressing the "N" key. If marker 1 is 
placed on the graph an additional computation of the 
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noise power with reference to marker 1 is accomplished 
) and displayed. See Part 2 for more information. 


5. Area Under the Curve. The integral of the power repre- 
sented by the area under the magnitude response curve 
between two point can be calculated when a graph is dis- 
played, Select the bounds for the freqency limits with the 
two markers, and press the "A" key. The bottom line of the 
screen will show the computed power for an input power 
density of 1 Watt per Hertz. Refer to Part 2 for reference 
information. 


6. Group Delay. Normal graphs are drawn with two functions 
displayed by default, the magnitude and phase responses 
vs. frequency. To display the magnitude and group delay 
responses press the "D" key after the initial graph is dis- 
played. To return to the original magnitude and phase 
response press the "P" key. 


| 7. Expanded Analysis. For more detail of a particular area 
> of the graph response, an expanded analysis can be per- 
ey formed. This is the equivalent of zooming in on one area 
of the graph. After an initial analysis and graph is ac- 
complished, the frequency range to be expanded is 
bounded using the two graphic markers in the graphic 
screen. An expanded analysis is then requested by the 
command "/AE". Refer to the Index for pages with more 

information. 


8. Graphic Markers. There are two graphic markers avail- 
able. the first will move onto the graphic screen if either 
the right or left arrow keys are pressed. A second marker 
will become available if the "2" key is pressed and the 
arrow keys used to position it. Pressing "1" will return con- 
trol to the first marker. Refer to Part 1 for more informa- 
tion. 


9. Updating the Startup File. The LCAS startup file, 
> "LCAS.INT", contains that configuration set in the "Set- 
Up" command. To re-write this file with the current con- 
figuration be sure to use the "Update" option from the set- 

up menu before quitting LCAS. 
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10. % Key Operation The "%" key operator will compute 
both plus and minus percentage changes in component 
values and undo those changes simply. An example is 
given in "Example Session One" of Part 1, and the com- 
mand described under "Circuit and Component Modifica- 
tion" in Part 2. 


11. Special Purpose Keys. There is a list of all the special 
purpose keys in the Command / Menu Summary in Part 4. 
You may find some overlooked capabilities there. 


12. Insert Key. A new component can be inserted into the ex- 
isting list of components, instead of the default overwrit- 
ing, by using the “insert” key. The insert mode is toggled 
each time the [Ins} key is pressed. When "ON" a lower 
case "i" appears at the end of the menu/prompt line when 
entering components. The cursor is placed at the position 
where a component is to be inserted and when a new com- 
ponent type is selected those components below the cur- 
sor position are pushed down. 


13. Special Test Tools. Special measurements can be easily 
accomplished in a circuit using “test tools". Several of 
these tools are desciribed in Appendix E. 


14. Copying and Renumbering Components. The defini- 
tion or modification of certain circuit types can be 
simplified by using the Copy and Renumber functions 
provided in LCAS. These two commands are described in 
the Command Reference, Part 2. An example of renum- 
bering is also given in "Example Work Session Two" in 
Part 1. 
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APPENDIX C 


DEFAULT SETTINGS 


Startup File Defaults 


LCAS has certain default setting which are used if no copy of 
the LCAS.INT file is found in the drive and path from which 
LCAS was started. These settings are designed to allow opera- 
tion in any norma! hardware configuration. They are: 


Default Drive and Path 
Circuit Files - Current drive/path when LCAS is 
entered. 
Text Files - Current drive/path when LCAS is entered. 
Data Files - Current drive/path when LCAS is 
entered. 
FFT Files - Current drive/path when LCAS is entered. 


Co-processor option - NONE 
Printer port - LPT1: 
Printer Set-up string - NONE 


Monitor type - Automatically selected. Looks for a 
monochrome adaptor for text and Color/Graphics 
adaptor for graphics output. 
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DB. 


Initial Program Settings 


When starting an initial circuit definition from a clear screen 
after startup, LCAS assumes the following defaults: 

Input Node = 1 

Number of Data Points = 20 

Sweep Mode = LOG 

Graph Scale Mode = Auto 

Graph Secondary Response = Phase 
Subsequent new circuit definitions from a clear screen reset the 
input node, number of data points and sweep mode as above, 


but retain the graph scale mode and secondary response from 
the previous settings. 
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APPENDIX D 


MODELING PHASE LOCKED LOOPS 


LCAS is equipped with the ability to analyze phase locked loop 
circuits. The design of phase locked loop circuits is beyond the 
scope of this manual, but several examples, tips and techniques 
are given here to make the use of phase locked loops within 
LCAS easy. 


The phase locked loop (PLL) elements in LCAS provide a 
quick and simple way to analyze the closed loop characteristics 
of a PLL. This allows determination of stability, bandwidth and 
noise performance under varying operating conditions. 


The information in this Appendix is separated into three areas: 


e Loop Basics 
e Modeling Specific Components 
e Loop Testing 
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oop Basics 


Below is an example of a typical PLL showing the connections 
between elements. 


All the PLL elements provided are non-inverting and operate 
properly if connected directly together. The LCAS program will 
not analyze certain open loop functions such as acquisition time 
or frequency step functions since these are non-linear functions. 


The PLL shown in Figure D-1 is a 2nd order loop, with a loop 
natural frequency, fn = 100Hz and a damping factor, ¢ = 
0.70711, The circuit file for this loop is provided on the master 
diskette under the name "LOOP". 


Figure D-1 Typical Direct Loop Connection 


D-2 DATUM Systems 


adoLonnce 36) eiwode LIT lmiqg 2 lo chee 
zie 


sisraqo bas settsvei-nsen ne bebivorw unsmtly 's 
iw serack; CADE od'T secdiesnt yitostb bese 
- a 


saer 2 


SHI) NOME PRS 28 owe wo aH! Goo] nego seh 
SOQ! WtLn-NOo Sie sKOC S22 SOotioast cyyae " 
ruwel « i régby ar, f -s “yg - a 
qual s thiiw ,qoo! ship bef 2 xi 141 ox ot mw ewok? ' 
= ~- (OR8 Usogmed « bon SH = aj Res | we 
Sioa on) no Osborn a ool 23 wl af? goss ee 4 
"FOOT smac adi whe 


é ‘ 
»' m7 oO. “any g 
* . 
pl, aes Wy OE, TR oe 
bah a 7 . 
Jn. aston Fa. a — i } did 
} a ~ a a at 
a : \\ a | ay by r —ws 
. 
{ . a ™. “J 
; rs “a 
e: 
: 
— 2ee""= — = 
= ’ mm? @® 
Ne Ae ee te ene eye! — —— 
— — ls J 


NOs artic ti TOS “it7 he “yi ee 8" I 


J 
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The 2nd order PLL design equations used for this circuit are: 


we N fn? 
Ba Kd - F/V 
and 

seal 
Fz at 


Where, Kd = phase detector gain in Volts/radian 
FV = VCO gain in Hertz/Voit 
fn = loop natural frequency in Hertz 
{ = damping factor, and 
N = divisor 


LCAS’ input node or excitation point when used in conjunction 
with the PLL elements represents a carrier that is phase modu- 
lated with a one radian RMS sinusoidal signal. The output node 
or the monitor point acts as a phase demodulator and reads 
directly in radians RMS of modulation. LCAS’ outputs however 
are given in Volts. Therefore, if at a specific frequency of 
analysis the output node of a PLL circuit measures a value of 
1.2mV it would correspond to a phase deviation of 1.2 mil- 
liradians RMS. The frequency of phase modulation is the fre- 
quency range choosen for analysis. 


The carrier frequency used within LCAS is infinite and there- 
fore does not effect the closed loop characteristics. For real 
world PLLs the carrier frequency is finite and usually causes 
both a sampling effect and spurious signals at the output of the 
phase detector. This sampling effect in addition to spurious sig- 
nals usually limits the usable loop bandwidth to something sig- 
nificantly less then the sampling frequency (phase detector 
operating frequency). Therefore, for accurate analysis, the 
closed loop PLL response should be significantly attenuated at 
the phase detector operating frequency. 


ET 
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inside the Loop 


In the PLL those nodes between the phase detector output and 
the VCO input are normally characterized by their voltage, not 
their frequency components. If LCAS’s input node is used to 
drive nodes between the phase detector output and VCO input 
it retains its normal characteristic as a one Volt RMS voltage 
source. Likewise if the output node is used to monitor some 
point within the same region, it reads in Volts RMS. 


This can be very useful to force a known spurious signal level 
into the loop amplifier and in turn see how much phase modula- 
tion there is at the VCO output in terms of either phase devia- 
tion in radians RMS or total sideband energy in dBc. The LCAS 
analysis results listing for magnitude in "Volts" at this point rep- 
resents phase deviation in radians RMS, and the magnitude in 
"dB" represents the total sideband energy in dBc (db relative to 
the carrier). Total sideband energy means that it includes 
sidebands on both sides of the carrier at the specified frequen- 
cy. The indication of total sideband energy in dBc should be 
limited in use to values of -20 dBc or less due to accuracy limita- 
tions in the relationship between phase deviation and sideband 
energy. Signals with a large phase deviation begin to resemble 
FM type modulation and therefore do not have a direct linear 
relationship with the total sideband energy. 


The loop amplifier element may be substituted for your own 
loop amplifier design but care must be taken to maintain the 
proper phasing through out the loop. For example if your loop 
amplifier design is a typical single op-amp integrator it is 
probably inverting in nature and will require an aditional inver- 
tion somewhere in the loop to provide the required negative 
feed-back. This can be acomplished by several methods though 
generally the simplest is to either enter a negative phase detec- 
tor gain or reverse the Ref and VCO inputs to the phase detec- 
tor. 


All the parasitic poles and zeros normally incountered in the 
loop being modeled may be placed anywhere between the phase 
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detector output and the VCO input, representing actual operat- 
ing conditions. Typical examples of parasitic poles, are resistor 
coupled varactor diodes in a VCO, a RC lowpass following the 
phase detector, notch filters to reduce spurious responses and 
stray capacitances in high gain, high frequency loop amplifiers. 


Open Loop Testing for PLL Stabil 


To check the stability of a particular PLL design, it is usually 
best to open the loop and observe the gain margin. This can be 
easly achieved by grounding the phase detector input normally 
driven from either the divide-by-N or VCO, then connecting 
LCAS’ output node to the node number that was previously 
connected to the phase detector and re-analyzing the circuit. 


Figure D-2 
Typical Open Loop Test Configuration 


Locate the frequency (if any) that the open loop phase shift pas- 
ses through 180 degrees and observe the gain at that frequency. 
If the gain is greater than or equal to one, it will likely oscillate, 
if the gain is less than one then it will be unconditionally stable. 
The gain margin is the difference between the actual circuit gain 
where the phase passes through 180 degrees and unity gain. 


As the gain approaches unity the closed loop response will peak 
more and more until it becomes unstable. Note that linear cir- 
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cuit analysis will not necessarily indicate if a particular design 
will oscillate under closed loop type analysis. 


The analysis will peak at infinity only as both the gain passes 
through unity and the phase passes through 180 degrees. As the 
gain becomes either greater than or less than unity the peaking 
will reduce and will appear to be stable even though it may well 
not be. And as we all know the open loop gain must be less than 
one to be considered stable at the frequency the phase passes 
through positive feed-back. This simply means that to determine 
if a closed loop circuit is potentially unstable, the feed-back loop 
should be opened and then re-analyzed. If the gain is greater 
than one as the phase shift passes through 180 degrees it 1s very 
likely to be unstable. Note the critical phase shift in these ex- 
amples is 180 degrees because the two signals feeding the phase 
detector are supposed to be in phase, if they are 180 degrees out 
of phase it is positive feed-back and potentially unstable. If the 
loop is opened and driven directly within the feed-back path the 
critical phase shift is either 0 or 360 degrees. An exception to 
this rule is the third order PLL, even though the gain is greater 
than one and the phase is equal to or greater than 180 degrees, 
it may well be perfectly stable. 


Figure D-3 
Opening the Loop and Driving within the Feed-Back Path 
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Delay in the Loop 


The Divide-by-N element allows time delay to be easly modeled 
within LCAS. Delays may be introduced within the loop due to 
long divider chains, propagation delays in loops closed around 
multiple radio tranceivers or in mechanical devices. The time 
delay is one of the entry parameters of the divide-by-N. Al- 
though delay may also be introduced via the delay line special 
case of the transmission line, the delay provided by the divide- 
by-N element is normally used in PLL circuits. 
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Modeling PLL Components 


Modeling Phase Detectors 


Several types of phase detectors are in common use for PLL cir- 
cuits. The examples below show methods of modeling the 
various phase detectors and loop amplifiers. 


Linear Multiplier Phase Detector 


First is an example of modeling a linear multiplier type phase 
detector. If the multiplier’s gain is not available it can be empiri- 
cally determined by setting F1 not equal to F2 , and measuring 

the peak-to-peak voltage of the "beat frequency" at the multi- 
plier output. Do not include the sum frequency of Fi + F2, only 
the difference or | F1-F2|. 


Linear Multiplier Phase Detector LCAS Model 


Pa: Oo ae Fa Rin a out FR 
. = he 
v Vin v 


ly 
_ F3 = |F1-F2] Kd = 1.5V/r = 3Vpp/2 


Figure D-4 Linear Multiplier Phase Detector Model 
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CMOS Exclusive OR Phase Detector 


Second is an example modeling a CMOS exclusive OR gate 
used as a phase detector. Assuming the output load is light, full 
power supply swing is available at the output. For a 5V power 
supply the Kd for this type detector is: 


Kd = You Vou a SON = 15915 Vir 


Exclusive OR Type Phase Detector LCAS Model 
CD4030B 
Vbp = 5.0V 2 
F2| Veg = GND Vin 
Kd = 1,5915V/r 


Figure D-5 Exclusive OR Gate Phase Detector Model 


CMOS Single Output Phase Detector 


Next is one of the standard integrated circuit phase detectors 
with a single CMOS TRI-state digital output. The second or "II" 
phase detector in the CD4046 package is modeled in Figure D-5 
via two methods. First is the use of a non-inverting FET and RC 
circuit, and second is the loop amplifier element with 
parameters. In either case the detector gain is dependant on the 
supply voltage and is given by: 


Kd = Yoo-Vss. _ 5.0V-0.0V _ 9 s¢789 vir 
4a 4a 
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Single-sided, CMOS, Tristate Gr=- ne 
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Figure D-6 
CD4046B Phase Detector II Single-sided CMOS Output 


TTL Dual Output Phase Detector 


The MC4044 type phase detector has a dual TTL digital output 
and typically uses the differential inputs of an op-amp with fil- 
tering as its loop amplifier as shown in figure D-7. 


Two models are shown for simulation of this type phase detec- 
tor and loop amplifier combination in LCAS. Both should work 
the same except note that the phase detector Kd should be 
negative if an op-amp type loop amplifier is used as in model 
type A in figure D-8. 


The detector gain for either of these models is computed by 
similar formulas as before: 


Kd = YOH-VOL a Vo. = Sie = 0.73211 Vir 
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i 


Figure D-7 
MC4044 Phase Detector with Loop Amplifer 


LGAS Model Type A 
Kd = -0,73211V/r 


R1 Rt C2 oR 


LCAS Model Type B 
Kd =0,73211Vir 
akon 
ae 

i 

4% R1 C2 

ee See 

re 2a R2C2 


Figure D-8 MC4044 Dual output Models 


DATUM Systems D-11 


ee ee = Ss 
a) 


T-U aught 


scvT - AD) 
7 ri 
7 AA, pow tf 
; 
= 
ve Oe 


by. MUTAG 


LCAS User’s Manual Version 2 


)) Table of Phase Detector Gains 


» 


Linear multiplier: 
Kd =Vpp/1, Large phase perturbations (> 7/4) 
Kd =Vpp/2, Small phase perturbations (<-1/4) 


Exclusive OR gate, Kd = (VoH-VoL)/a 
Digital tri-state output, Kd =(VoH-VoL)/47 
Digital dual output, Kd = (VoH-Voi)/2a 


Where, Kd = Phase detector gain in Voits/racian 
Vpp = Maximum peak to peak output voltage 
VoH = Voltage at high logic level 
VoL =Voltage at low logic level 
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Modeling Loop Amplifiers 


First, second and third order loop amplifier model examples are 
given below. 


First Order Loop 


Notice in the first order loop amplifier of Figure D-9 that the 
phase detector gain is made negative when using an inverting 
op-amp type loop amplifier. R1, R2 and C would be the actual 
components used in the loop circuit. The alternate configura- 
tion shown uses an op-amp again as the loop amplifier, but 
specifies the loop characteristics as part of the op-amp’s charac- 
teristic gain and bandwidth. Either model will analyze the same, 
but the second configuration uses fewer nodes. 


Kd 
Vin 
OR 
Kd 
=| 6 
Vin 
Av = R2/R1 
___AV 
uy 2aR2C 


Figure D-9 
Example of 1st Order Loop Amplifier 
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_ Note that the loop unity gain frequency is less than or equal to: 
J 
y { 
2aR2C 


for a first order loop. 


Second Order Loop 


Figure 10 below gives an example of modeling a single ended 
loop amplifier using either an op-amp or the loop amplifirer ele- 
ment. Again note the negative phase detector gain when using 
the inverting op-amp 


Fi 


)) 


OR 
Kd 
Rin out 4 out 
in 
BW = —_— 
Vin 2aR1C 
ie Meads ane 
Jor SEs oYs 
Figure D-10 


Example of 2nd Order Single-ended Loop Amplifier 


An example of a differential loop amplifier is shown in the pre- 
vious example of modeling a dual digital output phase detector 
» as Figure D-7 and D-8. 
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ix D - Phase Locked Loops Modeling PLL Components 


A special case of differential loop amplifier uses the "charge 
pump" type loop amplifier and is shown in Figure D-11 below. 


Vin : 
\ Charge Pump 
Kd = 158.15mV/r Gm = -I = -lmmho 
d 
Rin out , 
© Beal . , 
Vin | R 
LCAS Model 
Figure D-11 


Mode! of a Charge Pump Loop Amplifier 


For any digital phase detector with a +2 (4m) hold range, the 
Kd is equal to 1/2a or Kd = 2/Hold range. 
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Third Order Loop 


Third order loop amplifiers are less common than first or 
second order types. The loop amplifier element was specifically 
designed to model the more popular second order loop 
amplifier. Two example configurations for a model of a third 
order loop amplifier is given in Figure D-12, 


Rin 


Kd 
Rin out out 
in in 
Vin 1 1 
By srwely wet 
taRici Ys RIG 
1 1 
By ee 
SaRoGl f*@-icRI@ 
Figure D-12 


Model of a 3rd Order Loop Amplifier 
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Loop Testing 


The following examples will demonstrate how to determine the 
stability, rejection to the phase detectors sampling frequency, 
noise bandwidth and jitter due to noise and frequency multi- 
plication. 


Loop Stability Test Example 


Previously in this Appendix was discussed the testing of a PLL 
for stability. An example circuit is given below which we can 
analyze for stability as an example. 


Assume the circuit of Figure D-13 is a PLL design with a 
natural frequency, fn of 10kHz. In the form shown if node 1 
were the input and node 8 the output the circuit would repre- 
sent a times 18 multiplier. 


Kd = -795.8mV/t 


Figure D-13 
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A circuit file for the sample circuit is included on the master 
diskette under the file name "LOOPSTAB". The component 
values not in boxes are those used for the initial design. 


To determine if this PLL represents a stable design, we first 
analyze the circuit over the frequency range of 1.0 to 100.6 kHz. 
Note the peaking of the response at approximately 10kHz. Will 
the loop oscillate? 


To find out, we ground the phase detectors’s VCO input, Vin, 
(originally node 9) and leave the output node unchanged. 
Analyze the circuit again and view the graph of the circuit’s 
response. Locate either graphic marker at the point where the 
phase passes through 180 degrees. Notice that the gain (mag- 
nitude) at this point is approximately +2.4 dB, indicating that 
the circuit will likely be unstable. 


Change the capacitor between node 7 and ground at the VCO 
input to 120pF and analyze the circuit again. Again locate the 
gain at the frequency where the phase passes through 180 
degrees. Now the gain is approximately -2.1 dB, indicating that 
the circuit is probably stable. 


Reconnect the phase detector’s VCO input to node 9 and 
analyze the circuit again. There is still severe peaking near the 
loop natural frequency, but our previous test indicates that it 
will not oscillate. Note also that the gain margin is about 2 dB 
and, that if the VCO gain were to increase by only 28% the loop 
would become unstable again. Other changes in the circuit’s 
loop gain could lead to instability but the VCO gain is usually 
the least well controlled element. 


As an example of a more stable loop, change the values of the 
capacitors to those shown on the schematic in boxes, and 
analyze the circuit once again. The loop is now well behaved 
and will easily tolerate a VCO gain range from 500 kHz per Volt 
to 2.0 MHz per Volt. 
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Spurious Signal Rejection Test 


In this example we will determine the ability of a PLL circuit to 
reject spurious signals. We do this by injecting a signal at the 
input to the loop amplifier and determining the response vs. fre- 
quency for the loop. 


For example consider a PLL design for a times 10 multiplier 
using a 10 kHz reference frequency. Assume that the PLL’s 
bandwidth is required to be 1.0 kHz for close in noise perfor- 
mance and the 10 kHz clock spurs (phase detector clock fre- 
quency) are required to be greater than 60 dB down from the 
carrier at the output. 


A digital type phase detector will be used with dual outputs. 
Therefore a differential loop amplifier is required. 


The circuit for this example is shown in Figure D-14. This circuit 
is also included in the files on the master diskette under the 
name "LOOPSPUR’. 


Figure D-14 
Circuit for Spurious Signal Rejection Example 


DATUM Systems D-19 


LCAS User's Manual Version 2 


Now lets consider just one of the mechanisms that causes the 
clocking pulses to propagate through the loop. If each of the 
phase detector’s two outputs produce pulses at the same time 
and duration, and if the loop amplifier has perfect common 
mode rejection, there would be no clocking signals beyond the 
loop amp. However, due to offsets in the op-amp used, the pul- 
ses coming out of the phase detector are not of the same dura- 
tion. Consequently even with perfect common mode rejection in 
the loop amplifier, there is a difference in the two loop amplifier 
inputs and this difference is now passed on to the VCO resulting 
in spurious sidebands. 


To make the example more specific, assume that the op-amp 
has an offset of 10mV. The phase detector in now going to re- 
quire a smal] phase error sufficient to match the loop amplifier’s 
10mV offset. This change in pulse width will produce a small 
ripple voltage that will be approximately equal to the DC offset 
times V2 Volts RMS in magnitude. If we inject this signal level 
after the phase detector into the loop amplifier, it will simulate 
the spurious signal. The resistor divider consisting of R1 and R2 
performs the necessary level scaling function. The phase 
detector’s reference input is grounded, thus the only modulating 
signal in the loop is that introduced into the loop through R2 as 
shown in Figure D-14. 


Now perform an analysis of the circuit with LCAS’ output node 
specified as the VCO output at node 8. Other points in the loop 
may also be viewed to determine the spurious level. We know 
that the frequency of the clocking spur is at multiples of 10kHz, 
starting at 10kHz. While viewing the tabular analysis results use 
the highlight cursor to locate the frequency nearest 10kHz and 
observe the magnitude. The voltage column reads approximate- 
ly 385 .V, meaning a phase modulation of 385 jradians, and the 
"dB" column reads approximately -68 dB meaning that the total 
sideband energy at 10kHz is -68 dBc. Since there will be two 
spurs, one 10kHz above and one 10kHz below the carrier, the 
energy in each will be approximately -71 dBc. This is depicted in 
the typical spectrum analyzer display that would be produced by 
looking at the actual circuit as shown below in Figure D-15. 
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By changing the analysis frequency range we could cover the 
higher harmonics of the clock spurs. The level of injection does 
not change for the higher harmonics because the narrow pulse 
shape from the phase detector output tends to produce an equal 
level comb or "picket fence" of frequencies. 
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90 100 110 
Frequency in kHz 


Figure D-15 
Spectrum Analyzer Display of Clock Spurs 


Note that at 20kHz the sidebands are only about 44 dB down 
from the carrier. This would normally be improved with addi- 
tional poles in the loop. At these higher frequencies the added 
poles generally do not degrade the PLL’s response significantly, 


Example of Loop Signal Tracking Test 


This example shows a basic FM modulator followed by a PLL 
type demodulator. Two tests will be performed with this circuit: 


1. The peak phase error at the phase detector Is going to 
be determined based on both the peak frequency 
deviation and the frequency of modulation. This will 
determine if the phase locked loop will be able to 
track the modulating signal without losing lock. 
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2. The overall baseband frequency transfer function of 
the FM modulation and demodulation process using 
' a PLL will be determined. 


The PLL circuit for this example is shown in Figure D-16 below. 
This circuit is included on the master diskette under the name 
"LOOPTRAK". 


FM Modulator FM_ Demodulator 


Phase Error Monitor 
Oar "1 Poak Phase 
Error Output 


1.414 
infinity 


aN 


Figure D-16 
Tracking Phase Locked Loop Circuit 


Modeling Phase instead of Frequency Modulation 


Note that the modulating VCO can be substituted by a +N ele- 
ment if phase modulation is required instead of frequency 
modulation. If two radians RMS of phase modulation is desired 
simply specify a + N value of 0.5 which multiplies the one radian 
RMS source by two. Refer to the Divide by N element in Part 3 
for more information. 
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Setting the Peak Deviation 


The FM modulator is swept from 1 Hz to 10 kHz as defined by 
the analysis criteria start and stop frequencies. The peak devia- 
tion is 1.0 kHz. This is because the voltage controlling the VCO 
is a 1.0 Volt RMS signal. The peak value is therefore V2 Volts. 
With a VCO sensitivity of 707.1 Hz/Volt a peak deviation of 1.0 
kHz will be acheived. (707.1 e V2 = 1.0 kHz) 


Determination of Peak Phase Error 


The output of the phase detector is monitored to determine the 
phase error at any one deviation level and modulating frequen- 
cy. Since LCAS always reads values in RMS a scaling factor will 
be applied to view the peak values. The scaling circuit is the op- 
amp shown between nodes 3 and 6. To convert the output to 
peak reading the op-amp is given a gain of V2 and a bandwidth 
of infinity. 


The phase detector modeled here is a CMOS digital type with 
dual outputs and a supply voltage of 5.0 Volts. Therefore if the 
phase detector’s peak output voltage exceeds the supply voltage 
it will be clipped, and the loop will no longer be closed or lock- 
ed. +5 Volts peak is equivalent to +2 7 radians of peak phase 
error, which is the maximum phase error limit for this type of 
phase detector. 


With a quick analysis it can be seen that the phase detector’s 
peak output voltage exceeds 5 Volts at frequencies between ap- 
proximately 73 Hz and 136 Hz. To avoid this condition either 
the loop bandwidth must be increased, the modulators peak 
deviation reduced at these frequencies or the frequency of 
modulation limited to frequencies outside this range. 


The peak phase error is the monitored peak phase detector out- 
put voltage divided by the phase detector gain. If the phase 
detector is in Volts per radian then the result is in radians; 
otherwise the result is in degrees. 
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Determination of Frequency Transfer Function 


oo By moving LCAS’ output node monitor point to the loop 
amplifier’s output on node 4, the overall baseband frequency 
transfer function can be observed. Any emphasis and de-em- 
phasis filters can be added to the modulator’s input and the 
demodulator’s output to represent actual operating conditions. 
Note that the voltage values shown at the output are again in 
RMS. 


One other point of interest should be noted in the looptrack cir- 
cuit shown. The 1.0 MN resistor placed on the output of the op- 
amp is not a part of the circuit. It is placed there so that when 
the output node is moved from node 6 to node 4, there is still at 
least one other element connected at node 6, a requirement of 
LCAS. 


Example of Jitter Due to Noise and Frequency 
Multiplication 


The following example examines the measurement of jitter ina 
phase locked loop as the result of both noise and the effect of 
frequency multiplication. 


The circuit chosen for this example is shown in Figure D-17. 
This circuit is also included on the master diskette under the 
name"LOOPJTTR’. 


The PLL used in this example multiplies it's frequency 
reference by a factor of 500. This frequency multiplication 
results in both increased phase jitter and noise sidebands as a 
result of phase jitter. 


The energy contained in these sidebands is easily determined in 
LCAS and therefore allows calculation of the equivalent phase 
jitter. In most applications the phase jitter is only of concern in a 


LT 
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particular frequency range. For example the phase jitter in voice 
telephony is commonly measured from 20 to 300 Hz or from 4 to 


eo = 


In this example we want to create an envelope of the output 
sideband noise density. We will do this by creating a data file 
containing the noise density in dB-Hz of the combined noise 
energy due to the frequency reference feeding the phase detec- 
tor, and the phase detector noise floor. Then the PLL is 
analyzed and its transfer function summed with the data file to 
produce an overall actual sideband noise density. 


@0c -—3H w= 
ae 
amy 
= 
eac~-—s30 Pz 


Fz=70.711H2 


i 
j 


N = 500 


os” rere i ore 
OF. = 70711 


Figure D-17 


The data file and the PLL analysis must both contain the same 
frequency range, number of data points and sweep mode. 


When the combined graph is displayed the graphic line markers 

are used to bound the frequency range of interest, and the "A" 

key (area function) used calculate the energy represented by the 

magnitude response in this frequency range. After calculation of 

the sideband noise energy, strike the "J" key and energy values 

, will be replaced by the equivalent phase jitter in both degrees 
i RMS and radians RMS. 
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Telecommunications links are commonly interested in the peak 
to peak phase jitter. If the peak to peak value is required then 
simply multiply the displayed RMS results by 5.15. Telecom- 
munications links are also typically measured for phase jitter in 
the 4 to 300 Hz and the 20 to 300 Hz ranges. 


A data file has been placed on the master LCAS diskette named 
"R_NOISE.DAT". This file contains a hypothetical noise density 
spectrum of the sum of a reference oscillator and phase detec- 
tor. As an example this file can be used in the following se- 
quence of instructions to arrive at a phase jitter measurement of 
the "LOOPJTTR'" circuit. 


1. Make anew graph of the data file "R_NOISE” — 
/GGDL {Cursor to R_LNOISE} [Return] [F6] 

if analysis results are present, or 
/GDL {Cursorto R_NOISE} [Return] [Fé] 


if no analysis results are present. 
2. Load and analyze the circuit file "LOOPJTTR" 
3. Make anew graph of the sum of the two — 


/GNA 


4. Place graphic line marker 2 on 20 Hz. 


5. Press the "N' key to calculate the total noise power of 
the magnitude response. 


6. Press the "J" key to caiculate the jitter represented by 
this noise value. i.e. from 4 Hz to 300 Hz. 


7. Press the "A" key to calculate the noise power from 
marker 2 to the upper frequency limit. 


8. Press the "J" key again to calculate the |itter represent- 
ed by the noise density from 20 Hz to 300 Hz. 
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As can be seen, most of the jitter is due to noise close to the car- 
rier, and is due to the reference oscillator. If this were a 
measurement by a telecommunications jitter meter, the reading 
would be in peak to peak jitter. To convert the RMS value cal- 
culated by LCAS to peak to peak multiply by 5.15. 


Example of a Multiple Loop Receiver 


Phase locked loop receivers represent a major use of phase 
locked loop circuits and the multiple loop receiver is a common 


fe = 100 MHz Linear Multiptier 5 MHz Feference 
BW = 1.0MHz Phase Detector Oscillator (10H2/V) 


§ MHz 
Out 


Receive 
106 MHz 
Signal in 100MHz 


100 mV (p-p) 
open loop 


BWei.0K2z VCO 


Fz=70.711Hz 


fn = 100Hz 
D.F. =.70714 


Figure D-18 
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implementation. The following example will demonstrate how to 
model a multiple loop receiver within LCAS. 


The circuit chosen for this example is a PLL pilot receiver 
designed to lock onto an incoming pilot signal at 100 MHz and 
produce a phase locked output of 5 MHz. The pilot receiver is 
represented by the block diagram in Figure D-18. The second 
PLL in this circuit is the times 20 multiplier used to regenerate a 
100 MHz signal from the 5 MHz output to directly compare 
with the incoming pilot in a linear multiplier type phase detec- 
tor. 


The LCAS model of this multiple loop receiver is shown in the 
lower portion of Figure D-18. Node 4 represents the 5 MHz 
output and node 8 represents the 100 MHz output of the multi- 
plier used to compare to the pilot signal, The input filter of the 
block diagram is not required for an analysis of the loop perfor- 
mance. 


The circuit of this example is included on the master diskette 
under the name "MULTLOOFP", 


The circuit is first analyzed with the output node set to node 8. 
Here the loop characteristics can be verified to determine if the 
loop appears stable, etc. 


Then the output node is set to node 4 to view the recovered 5 
MHz signal characteristics. 
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TIPS AND TECHNIQUES 


LCAS is an extremely powerful analysis tool. The techniques 
described below are meant to assist you in simulation and 
analysis of your circuit designs. Some of the techniques included 


in this Appendix are: 
e Accircuit tool for measuring return loss. 
e Acircuit tool for measuring impedance. 
e Atechnique for scaling output level. 
e Modeling and analyzing power supplies. 
e Using generated data files. 


We would appreciate hearing from users who have discovered 
other useful ways of making LCAS more versatile. 


Measuring Return Loss 


The simple circuit shown in Figure E-1, below, can be added, by 
merging, or direct input during circuit definition, for measuring 
return loss. This circuit is positioned at the input port to a cir- 
cuit, so for simplest addition it should be merged before other 
components. If merged later the node numbers will have to be 
changed to connect it properly at the input. 


DATUM Systems E-1 


LCAS User’s Manual Version 2 


To measure the return loss of a circuit, simply make the LCAS 
circuit criteria "output node” node 3 of this circuit and run the 
analysis over the desired range. 


12 
@ To circuit under test 
Ra=1 Ohm 


® Reflected signal 
Rb =1 Ohm 
RS Rs =Souree impedance 


@) 


Figure E-1 Return Loss Tool 


The circuit must be connected between the LCAS voltage 
source and the circuit input to operate properly. This circuit 
operates as follows: 


Rs should be set to to equal the impedance of the circuit at the 
point where it will be connected. For instance a typical IF or RF 
circuit will have input and output impedances of 50 or 750. To 
check the return loss at the output of a circuit with a SO, im- 
pedance, Rs would be set to 502. 


The transformer has a 1:2 turns ratio. This transformer con- 
nected to the LCAS’ zero output impedance 1 Volt RMS volt- 
age source provides a 2 Volt RMS output and isolation from 
ground. The ideal transformer secondary output is still at zero 
output impedance. Connection of the source impedance resis- 
tor, Rs, between the minus secondary of the transformer and 
ground causes the plus secondary of the transformer to appear 
as a single ended 2Volt RMS source with impedance Rs. The 
two equal resistors Ra and Rb divide the output voltage by two. 
Ra, Rb and Rs are resistive only, which makes the circuit fre- 
quency independant. 
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If the output of this test circuit is shorted to ground then the full 
output of the transformer appears across Rs, and one half of the 
output at node 3. The sign of the output is -180 degrees. 


If the output of this test circuit is left open then node 2 is at 
ground potential due to Rs and the full output of the trans- 
former appears across Ra and Rb, and one half of the output at 
node 3. The sign of the output is 0 degrees. 


If the output of the circuit is connected to a terminating im- 
pedance equal to Rs then the voltage across Ra and Rb from 
nodes 4 to 2 are still at full output but the sign of the signal at 
node 4 is always 180 degrees from the sign at node 2. This 
results in the proper zero output at node 3, representing an in- 
finite return loss. 


Since the transformer has a turns ratio of 1:2, the 6 dB loss nor- 
mally encountered with a circuit using both source and termina- 
tion impedances is no longer present. 


Measuring impedance 


The circuit in Figure E-2 can be added to a circuit under test for 
measurement of circuit impedance at any point within the cir- 
cuit. This test circuit must be placed at the LCAS voltage source 
to operate properly. It consists only of 1 FET with a transcon- 
ductance of -1 mho used to convert the LCAS voltage source to 
a current source. The output specified in the circuit criteria 
section for testing using this circuit is taken at the FET drain, 
node 2. 


This test circuit operates as follows: 
By assigning the FET a transconductance value of -1 mho the 
signal at the drain is a current in phase with the gate voltage. 


The value of the drain current is 1 amp RMS since the gate 
drive from the LCAS input is 1 Volt RMS. 
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Id = -Gm ® Vg 


10 = -(-1) @1 
Gm=-1 
d @) Circuit node 
4) g | to be measured 
in 8 


Figure E-2 Impedance Measuring Tool 


When this test circuit is connected to a circuit under test, and 
the LCAS output node set to node 2, every Ohm of input im- 
pedance at the connection point results in a voltage of 1 volt at 
node 2, using Ohm’s law, V =IR. 


The circuit impedance at the connection point is shown in Volts 
on the analysis results magnitude listing. For instance the mag- 
nitude listing of a tested circuit may list an output of 5.02 kVolts 
at 1.4 MHz. That means that the circuit impedance at 1.4 MHz 
is 5.02 kOhms. The phase angle listing directly represents the 
phase angle of the circuit impedance. 


The test circuit should be properly terminated to arrive at cor- 
rect results using this impedance measuring technique. 


Scaling Output Levels 


A typical circuit design for filters, amplifiers, attenuators, etc. 


includes the necessary circuit input and output impedance ter- 
minations. 
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The result of adding the source impedance and output im- 
pedance is generally a level at the output 6 dB lower than the 
circuit under test represents. The graphic display of circuit 
response normalizes the output level to the pezk of the 
amplitude response, and notes the reference level at the top of 
the screen. The tabular analysis results however have no built-in 
facility to scale or normalize the output amplitude. 


A very simple circuit addition is shown below in Figure E-3 
which can scale the output amplitude to any desired level. This 
circuit technique also requires no additional nodes and does not 
affect the circuits response. A FET is added at the circuit input 
to provide the necessary gain to overcome the termination los- 
ses. 


Circuit under 
Test 


Circuit under 
Test 


Figure E - 3 Scaling Output 


Notice that the addition of the FET to the circuit did not in- 
crease the number of nodes required. This makes it simple to 
add this scaling circuit after a circuit has already been defined 
without changing any node numbers. 


The circuit offers the additional advantage of making the cal- 


culation of necessary scaling for unequal source and termination 
impedances very straightforward. 


DATUM Systems E-5 


LCAS User’s Manual Version 2 


The transconductance of the FET is set equal to the inverse of 
the parallel combination of the source and terminating resis- 
tance, or 


_ _ Rin + Rout 

Gm = ~ “Fin e Rout 

You may notice that the voltage levels in the circuit under test 
have doubled by this gain addition at the circuit input, but since 
there are no power supply rails or other peak limitations, there 
is no affect on the circuit performance. 


Several of the Example circuits shown in Appendix F use this 
circuit tool. 


Modeling and Analyzing Power Supplies 


LCAS does not perform DC analysis of circuits, but is well 
suited to the analysis of power supply AC performance, which is 
usually the more critical factor. This section will describe tech- 
niques for analysis of power supplies and even show a method of 


analyzing switching type power supplies. 
A basic linear power supply block diagram is shown below. 


This circuit assumes that the power supply is fed by a source of 
DC voltage, usually a transformer and rectifier. 
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+ Out 


Basic Linear Power Supply 


Figure E-4 


If the input is from a rectifier, it has an effective output im- 
pedance of Reff which is equal to the transformer output im- 
pedance plus the diode on resistance times the diode on to off 
ratio factor as given in the formula below: 


Reff = (Rxtmr + Raiode) @ [(Ton + Tott)/Tonl 
Where, Ton = Diode forward bias time 
Tott = Diode reverse bias time 


A basic model for analysis of the power supply is shown in 
Figure E-5 below using the effective rectifier impedance calcu- 
lated above. 


Monitor 


+ 
R 
load Eee vy 


Gm =-1 x Load Current 


Figure E-5 


DATUM Systems E-7 


@) 


LCAS User's Manual Version 2 


The LCAS source is connected to the drive point and the output 
connected to the monitor point. The output is a view of the rip- 
ple level due to the load current varying at the analysis frequen- 
cy. 


By removing the load R and C and setting the FET’s Gm to -1.0, 
the monitor point reads directly in Ohms and is the output im- 
pedance of the power supply. 


By opening the basic power supplies closed loop at the "X" in 
Figure E-4, and driving the input to the voltage comparator, the 
loop characteristics can be observed. By monitoring the voltage 
that would have been fed back to the comparator, and watching 
where the phase shift goes through 0° or 360°, the gain indicates 
if the power supply is likely to oscillate. If the gain is greater 
than one where the phase is 0° or 360° the supply is likely to os- 
cillate. If the gain is less than one it is unconditionally stable. 


Modeling Switching Power Supplies 


Although a switching power supply is partly a digital, non-linear 
device, the feed-back characteristics are usually linear. A model 
of a swithcing power supply is shown below for use in AC 
analysis. Notice the similarity to the basic linear power supply 
shown previously. 


In many instances in the analysis of a switching power supply, 
the pulse width modulator (PWM) section can be replaced by a 
linear substitute for the analyis of stability and output im- 
pedance, The switching frequency of the PWM must be sig- 
nificantly higher than the closed loop analysis range in order to 
be representative of the circuit. The PWM basically supplies an 
output current as a function of input voltage, thus serving as a 
transconductance. The transconductance can be measured by 
changing the load on the power supply a known amount and 
measuring the voltage change at the input to the PWM. i.e.: 


Gm = - AV/Al 
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re 


PWM } (} () 


Reference 


Basic Switching Power Supply 


Figure E-6 


A FET serves as a transconductance device as shown in the 
switching power supply block diagram. The resistance con- 
nected between the source and drain is the effective PWM out- 
put resistance. 


Using Generated Data Files 


Several times in this manual the ability to use external data files 
has been pointed out. Those data files could be generated either 
by LCAS or externally. Here we will discuss an application of 
external data files in the determination of signal to noise ratio in 
a receiver’s filters. 


Consider a multi-channel communications system where a 


receiver is required to select one carrier from among many, This 
common situation is typical of satellite, LOS and broadcast sys- 
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tems for telephony, video, program and data traffic. Also con- 
sider that we desire to determine the effect of a carrier adjacent 
to that which we are supposed to receive on the signal to noise 
ratio at the filter which precedes the demodulator. The filter 
design is partially based on its ability to reject the unwanted car- 
rier, leading to a better signal to noise ratio. 


We need three things to determine the composite signal to noise 
(unwanted signal) ratio in the filter bandwidth. First is a circuit 
description of the applicable filter(s). Second is a data file or 
circuit which can generate the transmit spectrum of the desired 
carrier, and third is a data file or circuit which can represent the 
transmit spectrum of the unwanted carrier, In many cases the 
transmit spectrum of the wanted and unwanted carriers are the 
same, just offset in frequency. 


By first analyzing the receiver's filters, and then using the 
Graph, Data File, Add function to add the desired signals 
spectrum, one has what remains of the desired signal after the 
receiver filters. 


Next calculate the noise power to arrive at the resulting signal 
strength. This number will be the "signal" portion of the signal to 
noise ratio. 


Now to determine the noise represented by the unwanted car- 
rier, we again graph the receiver’s filter response and add the 
data file of the adjacent carrier’s spectrum. What remains is the 
amount of the adjacent spectrum leaked into the receiver's 
passband. By calculating the noise power again, we have deter- 
mined the "noise" portion of the signal to noise ratio. The ratio 
of the desired to adjacent signal power is the ratio of the two 
noise power calculations. 
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APPENDIX F 


(EER Se SO ES RET 


EXAMPLE CIRCUIT FILES 


Quite a few example circuit files are included on the master dis- 
kette for your use in learning LCAS by experimenting, and most 
important to provide examples of how certain types of circuits 
are built and modeled in LCAS. 


The schematics for several of the included circuit files are given 
in this chapter along with brief notes describing salient features 
of the circuit or modeling techniques. 


Most of the other circuits provided on the master diskette 
without a schematic presented here are used as examples in 
other parts of the manual usually including schematics. 


As the contents of the master program diskette are subject to 


change, the list of circuits given here is not necessarily coinci- 
dent with that on the master diskette. 
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The Example Circuit Files on the Master Diskette are: 


BP Bandpass filter, Sample circuit used in Part 1 work ses- 
sions 


XFMR_BP 70 MHz IF "can" filter, schematic in this Appendix 


COMB_3 3 section Comb-line filter, Schematic in this Appen- 
dix 


COMB_7 7 section Comb-line filter 


2XTAL_BP 2 crystal bandpass filter, Schematic in this Appen- 
dix 


6XTAL._BP 6 crystal bandpass filter, Schematic in this Appen- 
dix 


FWD_TRAN Forward Transversal filter, Schematic in this Ap- 
pendix 


RD_BW Recursive 2 pole Butterworth Transversal Filter 
LOOP Example PLL circuit used in Appendix D 
1ST_LOOP Example PLL circuit used in Appendix D 
2ND_LOOP Example PLL circuit used in Appendix D 
3RD_LOOP Example PLL circuit used in Appendix D 
LOOPSTAB Example PLL circuit used in Appendix D 
LOOPSPUR Example PLL circuit used in Appendix D 
LOOPTRAK Example PLL circuit used in Appendix D 
MULTLOOP Example PLL circuit used in Appendix D 


DELAY Lumped Element 1 mS VF delay line, Schematic in this 
Appendix 
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Appendix F EXAMPLE CIRCUIT FILES 


VCXO Voltage controlled crystal oscillator, Schematic in this 
Appendix 


B_ REJECT Band reject filter 

LM318 Op-Amp model discussed in Part 3 
2N2222A Transistor model discussed in Part 3 
J310 FET model discussed in Part 3 


RF_QUAD RF hybrid quadrature splitter, Schematic in this 
Appendix 


X_OVER Sample circuit used in Part 1 work sessions 
XOVR-EX Sample circuit used in Part 1 work sessions 
EL_3 3rd order elliptic passive lowpass filter 
AT_EL_3 3rd order elliptic active FDNR lowpass filter 


AT_EL_LP 3rd order elliptic active Op-Amp lowpass filter, 
Schematic in this Appendix. 


EL_BP_6 6th order elliptic bandpass filter 


AT_BW_LP 3rd order active Op-Amp Butterworth lowpass fil- 
ter 


AT_CH_LP Sth order active FET Chebishev lowpass filter 


3DB_OCT 3 dB per Octave 20 Hz - 20 kHz filter (pink noise 
filter), Schematic in this Appendix 


P_PREAMP Phono preamplifier, Schematic in this Appendix 
QUAD Audio 90 degree splitter. 

INPUT_Z Impedance measuring tool discussed in Appendix E 
RETLOSS Return loss tool discussed in Appendix E 
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@Example Circuit File Schematics 


XFMR_BP - IF Filter 


This circuit represents the typical IF can type filter found in 
many superhetrodyne radios. It is a very simple LC filter, but il- 
lustrates the use of external inductors to simulate the inductance 
of the transformer with a prescibed coupling coefficient, k, of 
.01 and a kQ value of one. 


Note that we used the FET scaling tool discussed in Appendix E 
to remove the level offset in the output due to use of input and 
outpur terminations. The formulas used to determine the gain 
required of the FET are also included in Appendix E. 


__ This filter is designed for use at 70.0 MHz as might be found in 
@ «=: acommunications receiver. 


COMB 3 - Comb-line Filter 


This is a 3rd order transmission line filter using the transmission 

line and shorted stub elements as the filter components. The 

FET scaling tool discussed in Appendix E is used to eliminate 

offset in output level while using 50 Ohm input and output ter- 
, minations. 
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ndix F EXAMPLE CIRCUIT FILES 


The transmission line and shorted stub elements all have a 1/4 
wave frequency of 11.544 GHz. 


NOTES: 1, All line elements have a 1/4 wave frequency = 11.544 GHz. 


The circuit is tuned to provide a 1 dB passband of approximate- 
ly 7.66 to 7.72 GHz with very well behaved phase and group 
delay responses. 


3DB OCT - 3 dB per Octave Pink Noise Filter 
This is a very simple circuit which can filter flat weighted noise 
accross the audio spetrum at its input and produce pink noise at 


the output. The circuit weights the noise in equal power per oc- 
tave from 20 Hz to 20 kHz. 


The circuit assumes a low impedance driver and a high im- 
pedance input to the next stage. 
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> CHEB LP - Chebishev Low Pass Filter 


This is a Chebishev type filter which uses FETs instead of the 
more common op-amp as the active elements. This filter uses 
the Salen and Key configuration for a three section followed by 
a two section low pass filter. The FETS are high gain types. 


AT EL LP - Active Elliptical Low Pass Filter 


This is an active low pass filter using an op-amp with feedback 
to produce an elliptical response. The model is a direct repre- 
sentation of the circuit and could be built as is. The op-amp 
used is a common type without exceptionally high open loop 
gain or unity gain bandwidth. 


F-6 DATUM Systems 


Ss 


a 


rent seat wold’ verteidertd - ww 

od} to beateai ¢7 2% acen daitw rod oq_ht vedere 
san wstlii adT 2iesmole svtioa od) 2& Quin-qo Rome 
womohicl motgor srl! 6 1 soiisumpfoos yor bam 
OPS adT zatist ezacy rot Boek 


(oo 
Scr) aay aged se < 
rer 
} } 
omy setter " 
a 5 /) RSE) SSE 
¥ y - wer , ¢ Re : ’ af e 
Lone . 
oa 3 ’ ¥ ' : 
; - Wo 
* 74) -_ € v 
Rn | STC ' ; 
| d Ine! 
, 0 
q - 
nO? 
yeti] e269 wot isoitqillS evitoA + Tbs 
ie relia ay “ite at fac) OG qareti 647 Lan jos s7( Oe . 
s1g93 Sows & a lousy act comoqedr otgils ass 
coo oft 23 ae Shed od Disoo bee jw oa le 
ytAn ey dpul ¥i SOULhi 2 pu sre “4703 aovrurmEy 
djbevtant “O82 Y | 
WIR || 
. 
we fa ear 


nee? 
oo 
\ > 
ma 
G 
oe 


7 emneieve MUTAG 


Appendix F EXAMPLE CIRCUIT FILES 


2XTAL _BP - 2 Crystal Bandpass Filter 


This is more complex and illustrates the method of modeling a 
crystal, including its holder, in LCAS, The crystal Q is set by set- 
ting the Q of the inductor or capacitor in the circuit labeled Cm 
or Lm. The bandpass crystal filter has an input and output im- 
pedance of 100 Ohms. 


XTAL 1 = XTAL 2, Lm =21.109mH, Cm = 12.00fF, Cholder = 4.0pF 
Fe = 10.000MHz, BW = 1.500kHz 


This circuit cannot be analyzed without an 8087 co-processor. A 
data file is provided on the master diskette which can be used to 
display the graph of the circuit’s response. To use the file start 
LCAS and request a graph of a data file using the command - 


(G or /GG 
depending on the existance of previous analysis results. The 


[F6] function key will also work if there are presently no 
analysis results. At the 


Directory Load Data File 


prompt use "DL" to use the cursor to load from the directory, 
and select the "2XTAL_BP" file. 
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@ 6XTAL BP - 6 Crystal Bandpass Filter 


The 6 crystal bandpass filter is a more complex version of the 
two crystal filter. The same circuit model is used for the crystal 
and its holder. 


This circuit cannot be analyzed without an 8087 co-processor. A 
data file is provided on the master diskette which can be used to 
display the graph of the circuits response. Refer to the proce- 
dure for the 2XTAL BP circuit for directions on loading the 
data file for graphing. 


® OY 
Cm 
Choider) | 100,200Hz 
XTAL1 All XTALS: 
Series Res. 
135H C holder 
G) i { ( = 4.0pF 
: 99,536Hz 
C holde 
XTAL2 
6.6395IF 377.5H 
00 
@ 6% @) ©) 100,530Hz 
In 
C holder 
229 XTALS 
ae out 
31.790IF goH — 
— 95.2k 
{3 {) = ots 
C holder 98,800Hz 
XTAL4 
{ eee tt etry 138H 
i fe = 100kHz ‘Tif 
let 100,464Hz 
Biees canemrentweceiareen:s ace 
C hold 
XTALS 
9 6.7817fF §377.5H 
OO 
99,470Hz 
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Appendix F EXAMPLE CIRCUIT FILES 


FWD TRAN - Transversal Filter 


This is a non-recursive - or forward - transversal lowpass filter 
made from delay lines. The original circuit design. employs 20 
time delays and a summer as shown below. This design could be 
implemented either digitally or with analog elements. 


out 
0.0 
3.1825 @-11 
.0032905 
.008 1166 
-4.4319¢-10 
-.027566 
-.045106 


-.027566 
-4.43198-10 
0081166 
0032905 


3.1825 e-11 
0.0 


N= 10, hanned tap coefficients, transversal filter 
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In order to simplify and quicken the analysis process those tap 


> coefficients that were extremely small were simply dropped 


from the model. The resulting LCAS model of the forward 
transversal filter is shown below. 


et new ee ee ae ere meme ereenent en mene senses aes an can sams mnn anode r 


The Ri values were derived by - 
Am = 1000(1/Tap rm) 
Am 


1.0k 


ot 


and using a summing amplifier 
as the tap summer 


wecaven ceevabvaheaneqncawsesnewsee 6 arrehsee- Wha cantenvemveny she aosans enw eonare te OD 
pel enrenraesnete qpsnapcnee ae ores SPLERt me YON SS eR wees fan aun er 9 sora SARS 


cee ee nes me eee ag a a PR erent ee eh nee seamen semanas 


Notes: 

1. Actual node count = 27 
including intemal nodes. 

2. Small tap coefficients were skipped. 

3, Negative coefficients use negative 
delay line gain to provide the signa! 
inversion before and after the tap 
nodes. Inversion after the tap 
corrects for the previous inversion. 


Tap coefficients 
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Appendix F EXAMPLE CIRCUIT FILES 


This circuit cannot be analyzed without an 8087 co-processor. A 
data file is provided on the master diskette which can be used to 
display the graph of the circuit’s response. To use the file start 
LCAS and request a graph of a data file using the command - 


/G or /GG 


depending on the existance of previous analysis results. The 
(F6] function key will also work if there are presently no 
analysis results, At the 


prompt use "DL" to use the cursor to load from the directory, 
and select the "FWD_TRAN" file. 


VCXO - Voltage Controlled Crystal Oscillator 


The VCXO circuit is commonly designed as part of a com- 
munications receiver which must lock to an incoming signal 
within a small range of typically +/- 200ppm, while providing a 
very clean low phase noise output. 
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Both the actual circuit schematic and the LCAS model are 
shown to indicate how to model these types of circuits within 
LCAS. 


VCXO CIRCUIT oe 


XTAL, f= 8.1928MHz Seat 
Lm= 19.862mH 
Cm= 19.000fF 
Cholder = 4.0pF 


LCAS VCXO MODEL 


@ 
) bere on 
in 15-16uH @) VON 4), © 3 @) 2.7 a 
C holder: 
ea / 1.8K 


Varactor Diode 

18.15pF @ &V (+ 200ppm) 
20.0pF @ GV (Oppm) 
88.0pF @ BV (-200ppm) 


The feedback path of the oscillator from the emitter of the right 
transistor coupling into the crystal circuit is broken in the 
model, and used as the LCAS input node at 1. 


The 10pF capacitor at the base of the right transistor represents 
the effective capacitance of the 10nF capacitor coupled in series 
with the junction capacitance of the parallel diodes. 


. The crystal is modeled as in the crystal filters shown previously. 
52) The varactor diode is modeled simply by a capacitor whose 
value changes to represent the current tuning voltage. 
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Appendix F EXAMPLE CIRCUIT FILES 


Note that in the actual schematic an output capacitor is shown, 
but not in the LCAS model. The capacitor serves a DC isolation 
function in the original circuit and does not effect the analysis. It 
is not necessary in the model. 


When analyzing this circuit set the scale mode to manual, then 
set the phase’ maximum level to zero and leave the minimum 
unchanged. The analysis is performed three times with each of 
the varacter diode values shown. The graphs are overlayed, and 
the frequency of oscillation determined by the point on each 
phase response where the phase passes through zero degrees, 
assuming the gain is greater than one. 


DELAY - 1 milli-Second Passive Delay Line 


This circuit provides a delay of 1 mS over the voice frequency 
band of 0 to 3.6 kHz. It is built from lumped elements, not just a 
long piece of wire. This circuit includes an example of the 
modeling of a tapped inductor with coupling coefficient k= 1. 


12,8n 


He 16.3nF ~146.6nF>'O 
(10) 


(14) 
= 8 (9) 
3,368H 12,8nF 
2 0) 6,606nF @ 2745nF 
@ 644mH 817mH 
el sat 


0 to 3.6 kHz Passive, Lumped Element, 1 mS Delay Line 


The FET at the circuit’s input is used for scaling the output level 
to eliminate the losses in source and termination impedances. 
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Refer to Appendix E for more information on the use of this 
technique. 


This circuit cannot be analyzed without an 8087 co-processor. A 
data file is provided on the master diskette which can be used to 
display the graph of the circuit’s response. To use the file start 
LCAS and request a graph of a data file using the command - 


/G or /GG 


depending on the existance of previous analysis results. The 
{F6] function key will also work if there are presently no 
analysis results. At the 


| Directory Load Data File | 


prompt use "DL" to use the cursor to load from the directory, 
and select the "DELAY" file. 


After completing the graph of the Delay circuit, press the "D' 
key to view the group delay, observing the 1.0 mS delay 
produced. 


RF QUAD - RF Quadrature Splitter 


This circuit covers the 52 to 88 MHz frequency range and repre- 
sents a hybrid splitter. The circuit is bi-directional and has 4 
ports. As shown in the schematic below, ports at nodes 3 and 4 
are 90 degrees out of phase with each other. The port at node 5 
is the internal "waster” load that absorbs any mismatches or can- 
celed signals from nodes 3 and 4. The input scaling circuit can 
be connected to any port and the output taken at any other port. 
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Appendix F EXAMPLE CIRCUIT FILES 


@ Gm = -40mmho 


This hybrid has a 50 Ohm source and termination impedance. 
All four of the ports are terminated in the circuit. 


Notice that the O of the hybrid device is set by the Q of the two 
capacitors and the inductor. 


To determine the phase difference from node 3 to 4, first 
analyze the circuit while monitoring node 3. Then press [F6] to 

Oo) graph the results. Connect the LCAS output to node 4 and 
analyze again, this time subtracting these analysis results from 
the previous set by using the graph command - 


/GNS 


for Graph, New, Subtract. The resulting graph will now indicate 
the phase difference between the two output ports. 
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) P PREAMP - Phono Preamplifier 


This is an op-amp type phono preamplifier circuit typical of an 
LM381 low noise preamplifier. 


in @) 4+ ©) out 


ae 
Av =320k 
BW = 15 MHz 


® LM381 type low noise pre-amp 
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APPENDIX G 


DISK FILE CONTENTS 


Six types of disk files are written by LCAS: 


1. Circuit Files — ASCII text defining a circuit and its analysis 
criteria. Formatted as it appears on the screen without 
page breaks. 

Extension — .LCA, 


2. Component List Files — ASCII text listing of a circuits 
components and analysis criteria. Formatted as it would 
be sent to a printer. 

Extension — .PRC 


3. Analysis Results Text Files — ASCII text listing of the 
analysis results. Formatted as it would be sent to a printer. 
Extension — .PRA 


4. Graphic Bit Map Files — Binary data image of video 
screen memory. 
Extension — .PRG 


5. Analysis Results Data Files — ASCII text list of the 
analysis results data. Formatted as shown below. 
Extension — .DAT 


6. Fast Fourier Transform Files — ASCII text data _for- 


matted as shown below. 
Extension - .F 
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The contents and formats of each of these file types is covered 
® below. 


1. Circuit Files 


The Circuit file is produced when LCAS is given the command - 
/FS 


or using the [F7] function key. Circuit files are the definition of 
a circuit by its component types and nodal connections. The 
LCAS circuit file adds to this the circuit criteria information 
entered with a circuit before it is saved. 


Circuit files are formatted similar to the component screen rep- 
resentation. The difference is that, unlike the component 
2) screen, there are no page breaks required in the file. If you use 
the DOS "TYPE" command to view one of the circuit files, you 
will see the full form including the double and single line 
characters used to separate the information into "cells". 


2. Component List Text Files 


The component text file is produced when LCAS is given the 
command - 


/PTC 
The contents of the component list text file are the same as the 


output produced to go to a printer. That is, the file includes all 
the information presented in the component screen, but the 
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Appendix G DISK FILE CONTENTS 


double and single line characters used to separate the informa- 
tion into "cells" are replaced by characters which can be printed. 


The page breaks and date and time sent to the printer however 
are not included in this file type. 


3. Analysis Results Text Files 


The analysis results text file is produced when LCAS is given the 
command - 


/PTA 


The contents of the analysis results file are the same as the out- 
put produced to go to a printer. That is, the file includes all the 
information presented in the analysis results screen, but the 
double and single line characters used to separate the informa- 
tion into “cells” are replaced by characters which can be printed. 


The page breaks and date and time sent to the printer however 
are not included in this file type. 


4. Graphic Bit-Map Files 


The graphic bit-map file is an image of the video buffer for a 
color/graphic adaptor card. It contains 16000 bytes correspond- 
ing to the 16000 bytes of the video buffer used to create the 
graph image. 


The graphic bit-map file is produced when LCAS is given the 
command - 


iPTG 


DATUM Systems G-3 


aTHSTHOD SI NeIG : 


-gewwolat od? sterecsa a3 base arotosed2 onli sigaia bat 
botairg sd suo doidw ataterads ¢d boosiqer ons “disa" os 


isvewor sotming afi of ova omni? bas oteb bes adeord & 
ead off silt oi bebabaltl 


s,s 


eoll? ixoT atweeh ste is 


a 


onl} cowig a 2AD now beusborg 2i off mot alles coogi 
s 
- Led ‘ 


tro si} ag cote: call ous olit 2tigas: sisylana off) jo tlaoiea Ge 
sd? Hs asbuloati of) sd? 2i ted T slang ¢ of og of boomy 
ad? wed soot 2igast 2iaylans od? af boiisesq sotkem 
gexnete) oi stauetyse of beet meloe ters set «'.om bos sidsai 
boinhe ad ago doniw atomawado yd booalqes ous “dliso” offi BC 


eweawad ticity; cdl) of Inas send bar 5 sib bat nivoad ogeq a 
sn ail aid) ni bebulonide 


7 osM-HG ot et 


¢ 703 1flnd ooldy od? Io “yp ox w olii qam-tid sitig 
-baogeenn ested CODE eaiataso 1 bts 1oagebe aQeTgy 
ad? sias32 of boa wild osber cf) Jo eoted OOGAE bet 


= 7 


oft aevig & 2A aoriw boowbong P ot qeat-tid 


E- amedeye MUTAG 


LCAS User's Manual Version 2 


) The contents of the graph file are as follows: 


Header - 
None 


Body - 
Byte #1 - First byte of the video buffer. 
Byte #2 - Second byte of the video buffer. 
Byte #16000 - Last byte of the video buffer. 


Notes: 


1. The file type is not the same as is used by either basic 
or any common "paint" type programs. 


5. Analysis Results Data Files 


The analysis results data file is similar to the analysis results text 
file except that it is not formatted as a printer file. Instead it is 
formatted as an array of data usable by LCAS or another 
program. LCAS uses these data files as inputs which may be 
graphed, and refers to them simply as “Data Files”. 


Another program could either generate this type of data file or 
use one produced by LCAS. An example of the need to produce 
such a file might be the setting of graphic limits or a "mask" of 
acceptable values for a certain circuit’s response. This type file 
could be produced manually using a text editor or word proces- 
sor, possibly beginning with an actual file created by LCAS. 


The analysis results data file is produced when LCAS is given 
the command - 
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Appendix G DISK FILE CONTENTS 


/PDA or /PDG 


@ The data file can be created either from the analysis results in 
the "present" buffer as viewed in the analysis results listing, or 
from the data in the "last" buffer as viewed by the last graph 
produced. These are represented by the two commands above 
respectively for Print, Data File, Analysis and Print, Data File, 
Graph 


The contents of the analysis results or graph data file are as fol- 
lows: 


Header - 
Number of data points (1 to 300), LOG or LIN CR-LF 
Body - 


; Point #1 - Frequency (Hertz), Magnitude (dB), Phase 
@ (degrees), Delay (Sec) CR-LF 


Point #2 - Frequency (Hertz), Magnitude (dB), Phase 
(degrees), Delay (Sec) CR-LF 


Point #3 - Frequency (Hertz), Magnitude (dB), Phase 
(degrees), Delay (Sec) CR-LF 


Point #N - Frequency (Hertz), Magnitude (dB), Phase 
(degrees), Delay (Sec) CR-LF EOF 


Notes: 


1. On the first point and last data points the delay value is 
always zero. 


2. The Delay is optional. It is always generated for output, 
but not used on input by LCAS. 


3. All numbers are ASCIl format in scientific notation. e.g. 
2.364107e-07. 


e 4. The comma ls used as a delimiter between the 
= frequency, magnitude, phase and delay, and the 
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CR-LF is a carraige return, line feed sequence used 
between data points. 


The end of file character, EOF, is appended to the file. 


Loading and Saving Data File Information into a 
Separate BASIC Program. 


The following set of routines may be used within a BASIC 
program to save or load the information in a "Data" file. There 
are two parts included in the program listing; the first is for 
loading and the second for saving. These two program parts do 
not have to be kept together. The line numbers will probably 
have to be changed to fit into the structure of another program. 


10 


a] 20 


30 


40 
50 
60 


70 


THE FOLLOWING ROUTINE LOADS A DATA FILE 
CREATED BY LCAS INTO BASIC 


’ 


'The array "DAT" contains all the data loaded from the 
file 


’‘DAT(0,0) = The number of data points in the file 
"‘DAT(0,1) =The sweep mode, 0 =Linear & 1=Log 


’DAT(N,0) = The frequency in Hertz, DAT(N, 1) =The 
magnitude in dB 


‘DAT(N,2) = The phase indegrees, DAT(N,3)=The 
group delay in seconds 


80 +] 


90 


100 DIM DAT(300,3) 
110 INPUT"Data File to Load ";F$ 

& 120 OPEN F$+".DAT" FOR INPUT AS 1 
130 INPUT#1,DAT(0,0),M$ 
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140 IF 0< >INSTR(1,M$,"LOG") THEN DAT(0,1) =1 
ELSE DAT(0,1) =0 


150 FOR N=1 TO DAT(0,0) 

160 INPUT#1,DAT(N,0),DAT(N,1),DAT(N,2),DAT(N,3) 
170 NEXT N 

180 CLOSE 

190’ 


200 "THE FOLLOWING ROUTINE SAVES A DATA FILE 
FOR USE BY LCAS 


210’ 

220 ‘The array "DAT" contains all the data to save to file 
230 ‘DAT(0,0) = The number of data points in the file 
240 'DAT(0,1) = The sweep mode, 0 =Linear & 1=Log 


250 ’DAT(N,0) = The frequency in Hertz, DAT(N,1) =The 
magnitude in dB 


260 ‘DAT(N,2) = The phase In degrees, DAT(N,3)=The 
group delay in seconds 


270 ' 

280 ’ 

300 INPUT"Data File to Save ";F$ 

310 OPEN F$+".DAT" FOR OUTPUT AS 1 

320 IF DAT(0,1) =O THEN M$="LIN” ELSE M$ ="LOG" 
330 PRINT#1,STR$(DAT(0,0));",";M$ 

340 FOR N=1 TO DAT(0,0) 

350 WRITE#1,DAT(N,0), DAT(N, 1), DAT(N,2), DAT(N,3) 
360 NEXT N 

370 CLOSE 
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9 6. Fast Fourier Transform Files 


The FFT file is produced when LCAS is given the command - 
/PFA or /PFG 


The FFT file can be created either from the analysis results in 
the "present" buffer as viewed in the analysis results listing, or 
from the data in the “last" buffer as viewed by the last graph 
produced. These are represented by the two commands above 
respectively for Print, FFT File, Analysis and Print, FFT File, 
Graph 


The contents of the FFT file are as follows: 


Header - 


Number of FFT points (16 to 2048 in powers of 2), 
3 Frequency step increment (Hertz) CR-LF 


Body - 
Point #1 - Real part, Imaginary part CR-LF 
Point #2 - Real part, Imaginary part CR-LF 
Point #(N/2) +1 - Real part, Imaginary part CR-LF EOF 


Notes: 
1, The first point is at zero frequency and the last point is 
the highest analyzed frequency. 
2. All numbers are ASCII format in scientific notation. e.g. 
3.141593e03. 


3. The comma Is used as a delimiter between the real and 
d imaginary part and the CR-LF is a carralge retum, 
line feed used between data points. 


2 a ens 
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4. 


FFT data is represented as a sequence of data points 
starting at zero frequency, going to the highest 
frequency, and then a mirror image going back 
down to the frequency next to zero. The decending 
sequence negates the imaginary part and is not 
included in the fite since it can be simply calculated. 
Thus the number of data points is N/2 plus the first 
zero frequency point. 


The end of file character, EOF, is appended to the file. 
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APPENDIX H 


INSTALLATION NOTES 


This appendix is intended to give a little more information on 
the installation requirements of the LCAS program and related 
files to allow users to create their own unique installations if 
desired. It is not intended to replace the information presented 
in ‘Part 1, Getting Started", on installation procedures. 


To summarize, there are very few real restrictions on installation 
of this program. LCAS is not copy protected and may be placed 
anywhere there is sufficient room. 


The LCAS Master Diskette 


The master of the LCAS program is supplied on a standard dis- 
kette without any DOS system. The LCAS program is not copy 
protected for your convenience. A backup master copy can be 
created by: 


1. Directly copying the master diskette to a blank diskette 
using the DOS DISKCOPY command or, 


2. Copying all of the files on the master diskette to a DOS 
formatted system or data diskette using the DOS 
COPY command. Note: All the example files may 
not fit on a DOS "System" diskette. 
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q Requirements for an LCAS Working Copy 
A “working copy’ is a copy of LCAS for day to day use. 
To run the LCAS program requires two files: 


LCAS.EXE The program itself. 
LCAS.INT An initialization configuration file. 


LCAS.INT is read by LCAS.EXE during startup and must be 
on the same diskette and path to be found. If it is not found, 
LCAS will create one with default values. After startup LCAS is 
completely resident in memory and requires no further access to 
the .EXE file. This provides maximum flexibility in placing 
LCAS and circuit files for operation in your particular hardware 
environment and according to your desires. 


> _‘ The only time LCAS requires access to the LCAS.INT file after 
q startup is if the configuration is changed by using the Setup 
command and the Update option is chosen. LCAS will then 
write a new copy of the file LCAS.INT to disk in the disk and 
path current when LCAS was started. LCAS should therefore 
not be started using a path command because any new con- 
figuration file will be written into the disk/path from which 
LCAS was called. Instead LCAS should always be started by 
first changing the directory path to that where LCAS.EXE 
resides. 


For example consider a system where LCAS.EXE and 
LCAS.INT are in a hard disk directory as generated by the "IN- 
STHARD" batch file supplied on the master diskette. LCAS is 
then in the directory C:\DATUM and a batch file is required to 
start LCAS from the root directory. The proper batch file con- 
tents would be: 


CD \DATUM 


LCAS 
CD \ 
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The purpose of the final "CD\" is to return to the root directory 
after LCAS is quit. 


Creating a Working Copy of LCAS 


To create a working copy of LCAS you would simply place the 
LCAS program and the desired sample files onto a DOS for- 
matted system diskette, or onto your hard disk. Circuit files can 
be placed either with the program or on a separate diskette or 
directory. 


If there is room on the diskette it does not matter what other 
files it contains. For instance you may have multiple programs 
that you use to design circuits. There is no reason that they 
could not all be placed on a 1.2 Mega-byte diskette used on an 
"AT" type computer. 


Hard Disk Users: 


You have a choice of placing your circuit files either on the hard 
disk in the same or different directory than LCAS, or on a 
separate floppy diskette, Each circuit file is normally 1 to 10k in 
length. 


Use of Path Names in the Set-Up 


The setup option within LCAS allows you to specify a separate 
drive and path for each of the four file types allowed; Circuit, 
Text, Data and FFT. DOS allows you to specify a path in several 
modes and it can be slightly confusing. 


For instance, when the standard hard disk installation is used, 
all files are in a directory with a full path designation of 
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"C:\DATUM\LCAS". LCAS is however already in the 
"C:\DATUM" directory. To specify the path to reach the files 
from, the full path name of "C:\DATUM\LCAS" could be used 
but is not required since the LCAS program is running from 
within the "C:\DATUM" directory. The path "\DATUM\LCAS" 
or just "LCAS" could also be used. Note however that the path 
"\LCAS" could not be used because the initial "\" means start at 
the root directory. 


Configuration 


You now have a working copy of your LCAS diskette. The con- 
figuration of this diskette for your computer hardware is 
covered in Part 1 of the manual. The default configuration used 
by LCAS will work on any computer hardware setup. 
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ERROR MESSAGES 


1. ERROR MESSAGES IN ALPHABETICAL 
ORDER 


+ oo im Analysis Results — When LCAS has an underflow or 
overflow during calculation of the analysis results at the present 
frequency point, it will place the plus and minus infinity sign in 
the respective position and continue with the analysis. Refer to 
the problem locator in Appendix J for a discussion of possible 
solutiions. 


BAD ENTRY !!! You tried to make an illegal entry. Either the 
input and/or output node(s) was not specified or does not refer 
to nodes currently in the circuit. The start and/or stop frequency 
was improperly specified, ie the stop frequency is lower than the 
start frequency. The number of data points and/or sweep infor- 
mation was not specified. A character specified for the printer 
setup string is out of range. Or a file name entry contains more 
than 8 characters excluding the drive designator. 


CANT BACK UP !!! This only appears in graphing data with 
manual scale mode set if you attempt to escape from graphing 
the data. The data has already been manipulated by a requested 
function and the original cannot be retrieved. You must con- 
tinue to graph the data. 


CAN NOT EXPAND ANYMORE !!! You tried to expand a cir- 
cuit beyond the frequency resolution, 8 digits, of this program. 
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CAN'T INTERPOLATE DATA, UNDERFLOW/OVERFLOW 
ERROR !!! In an attempt to calculate the data for an FFT file 
an intermediate value exceeded the dynamic range of the com- 
puter. 


CAN’T CALCULATE NOISE POWER, UNDERFLOW/OVER- 
FLOW ERROR !!! In an attempt to calculate the noise power 
an intermediate value exceeded the dynamic range of the com- 
puter. 


COMPONENT LIST FULL !!! You tried to input more than 
128 components in LCAS (or more than 12 components in the 
demo program "DLCAS"). Reduce the number of components 
or analyze the circuit in sections and sum them graphically. 


CONFIGURATION FILE LCAS.INT NOT FOUND OR IN- 
CORRECTLY FORMATTED !!! CREATING DEFAULT 
LCAS.INT FILE NOW During entry to the program, the con- 
figuration file "LCAS.INT" was not found or was incorrectly for- 
matted. The program will attempt to generate a new file that as- 
sumes the current default drive and path, no 8087, a null print 
string, and printer port #1 (LPT1:). This file will need to be up- 
dated based on the particular configuration you have after suc- 
cessful entry to the program. 


DISK ERROR !!! Either the disk drive has developed a fault or 
the diskette is defective. Repair defective drive and/or replace 
bad diskette. 


DISK FULL !!! All diskette storage space on the current drive is 
in use. If there are any files on the diskette that you no longer 
need, erase them; or, replace the diskette with one that has suf- 
ficient space left on it. Then retry the operation. 


DISK NOT READY !!! The diskette drive door is open, there is 
no diskette in the drive or an improperly formatted diskette is in 
the drive. Place the correct diskette in the current drive and 
close the door. 


DISK WRITE PROTECTED !!! You tried to write to a diskette 
that is write protected. Make sure you are using the correct dis- 
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kette. If so, remove the write protection, then retry the opera- 
tion. 


ERROR !!! An undefinable error has occurred. Try rerunning 
the program. If the error still occurs please note the conditions 
surrounding the error and inform us of the problem. 


FILE ALREADY EXISTS ? You tried to save a file to diskette 
with the same name as an already existing file on that diskette. 
Either type "Y" to replace the file on the diskette or type "N" to 
return to the file name prompt to save the file with a new name. 


FILE INCORRECTLY FORMATTED !!! You tried to load a 
circuit or data file that is incorrectly formatted for input to this 
program. Check the file name for correctness. Note, files 
generated by LCAS may not be compatible, with DLCAS, the 
demonstration version of LCAS, due to limitations in the num- 
ber of nodes, number of components and types of components 
supported by DLCAS. 


FILE NOT FOUND !!! You tried to load a file that does not 
exist on the diskette in the current drive. Check file name, dis- 
kette and current drive designation for correctness. 


INSUFFICIENT DATA TO GRAPH !!! To graph data properly 
a minimum of three data points is required. Change the number 
of data points to 3 or more, reanalyze the circuit and then retry 
the graph operation. 


INSUFFICIENT DATA TO PRINT !!! To print data properly a 
minimum of three data points is required. Change the number 
of data points to 3 or more, reanalyze the circuit and then retry 
the print operation. 


NO ANALYSIS RESULTS TO DISPLAY !!! There is currently 
no analysis results to view. Analyze a circuit and retry the 
operation. 


NO ANALYSIS RESULTS TO PRINT !!! There is currently no 


analysis results to print. Analyze a circuit and retry the opera- 
tion. 
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NO CIRCUIT TO ANALYZE !!! There are no components in 


the component list to analyze. Enter components and retry the 
operation. 


NO CIRCUIT TO NAME !!! There are no components in the 
component list when the circuit name function was requested. 
Enter components and retry the operation. 


NO CIRCUIT TO PRINT !!! There are no components in the 
component list to print. Enter components and retry the opera- 
tion. 


NO CIRCUIT TO SAVE !!! There are no components in the 
component list to save. Enter components and retry the opera- 
tion. 


NO COMPONENTS TO MERGE !!! There are no components 
in the component list to merge to. In order to merge circuits 
there rnust be something to merge to. Enter components and 
retry the operation. 


NO FILES FOUND !!! You did a directory and the diskette in 
the current drive has no circuit files on it. Circuit files are those 
with the file extension "LCA". Or you did a directory of data 
files and the diskette has no data files on it. Data files are those 
with the extension "DAT". Either of the above could fail if the 
path specified in the "Set-up, Default Drive" command does not 
follow DOS conventions. 


NO GRAPH TO DISPLAY !!! There is currently no graph to 
view. Analyze a circuit or load a data file and graph it. 


NO GRAPH TO PRINT !!! There is currently no graph to print. 
Analyze a circuit, graph it and retry the operation. 


NO GRAPHICS ADAPTER !!! Your computer is not equipped 
with either a standard or an enhanced color graphics adapter 
and you tried to do a graphic type function. Install a color 
graphics adapter and retry the operation. 
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NODE ## SKIPPED !!! The node indicated was skipped. 
Nodes must be consecutive numbered, ie 1,2,3,4... not 1,2,4,5... 


Return to component screen and edit nodes to conform to this 
requirement. 


NODE ## USED ONLY ONCE !!! The node indicated was 
used only once. Nodes cannot be left floating. All nodes must 
be terminated in some manner, returning ultimately to ground. 
Note however, some circuit components are constructed from a 
number of more basic components. This allows nodes on 
selected components to be left floating without being flagged or 
causing a problem. 


OUT OF MEMORY, 640K MINIMUM !!! This program re- 
quires a minimum of 640k of free memory. Remove any resi- 
dent programs such as SideKick, Backscroll or a ram disk, etc 
and reboot the system. If your computer is equipped with less 
than 640k of memory then it will require additional hardware to 
bring it up to this level. This error will only occur while entering 
the program. 


PATH NOT FOUND !!! An incorrect path was specified in the 
"Set-Up, Default Drive” command, 


PRINTER ERROR !!! You tried to print to the specified printer 
port, LPT1:, LPT2: or LPT3: and the printer failed to respond. 
Make sure the printer port is specified correctly, the printer is 
connected to the proper printer port LPTx,, the power is on, the 
printer has paper and the printer is on line. Then retry the 
operation. 


REPLACE FILE (¥/N) You tried to save a file to diskette with 
the same name as an already existing file on that diskette. 
Either type "Y" to replace the file on the diskette or type "N" to 
return to the file name prompt to save the file with a new name. 


STRING TO LONG !!! You tried to enter more than 270 


characters for the printer setup string. No more than 270 
characters maybe entered for the printer setup string. 
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TO MANY COMPONENTS !!! Some components are con- 
structed of many more basic components. Therefore, during 
analysis there maybe many more components than those directly 
specified. The maximum number of components that can be 
analyzed internally is 512. Reduce the number of components 
used. 


TO MANY NODES !!! Some components are constructed of 
many more basic components. Therefore, during analysis there 
maybe many more nodes than those directly specified. The 
maximum number of nodes that can be analyzed internally is 64. 
Reduce the number of nodes used. Ground is considered one 
node. 


UNRECOVERABLE DISK ERROR !!! A fault occurred while 
trying to load the default configuration file that was not 
recoverable. The fault may of occurred because the disk drive 
was not ready, the diskette was full, the diskette was write 
protected, the disk drive is broken or the diskette is defective. 


UNRECOVERABLE SYSTEM ERROR !!! A fault occurred 
while trying to load and/or configure this program. Try reboot- 
ing your computer and reloading the program. If the error per- 
sists, run the diagnostic program supplied with your computer. 


If no problems can be found then the diskette supplied with 


LCAS maybe defective. Return the original diskette for re- 
placement. 


WARNING CO-PROCESSOR NOT FOUND !!! You re- 


quested operation with an 8087/80287 and one is not installed. 
Either install the co-processor or configure LCAS for no 8087. 
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Appendix | ERROR MESSAGES 


2, ERROR MESSAGES BY TYPE 


DISK ERRORS 


DISK ERROR !!! 

DISK NOT READY !!! 

DISK WRITE PROTECTED !!! 

DISK FULL!!! 

FILE ALREADY EXISTS ? REPLACE FILE (Y/N) 
FILE INCORRECTLY FORMATTED !!! 

FILE NOT FOUND !!! 

NO FILES FOUND !!! 

NO CIRCUIT TO SAVE !!! 


PRINTER ERRORS 


PRINTER ERROR !!! 

STRING TO LONG !!! 

NO ANALYSIS RESULTS TO PRINT !!! 
NO CIRCUIT TO PRINT!!! 

NO GRAPH TO PRINT !!! 


ANALYSIS ERRORS 


+ 2 

NO CIRCUIT TO ANALYZE !!! 

NO ANALYSIS RESULTS TO DISPLAY !!! 
CANNOT EXPAND ANYMORE !!! 


GRAPHICS ERRORS 
NO GRAPHICS ADAPTER 11! 


NO GRAPH TO DISPLAY !!! 
INSUFFICIENT DATA TO GRAPH !!! 
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CIRCUIT ERRORS 


COMPONENT LIST FULL !! 
TO MANY COMPONENTS !!! 
TO MANY NODES !!! 

NODE SKIPPED !!! 

NODE USED ONLY ONCE!!! 


NO COMPONENTS TO MERGE !!! 
MISC ERRORS 
BAD ENTRY !!! 
CANT CALCULATE NOISE POWER, UNDER- 
FLOW/OVERFLOW ERROR !!! 
ERROR !!! 
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APPENDIX J 


PROBLEM LOCATOR 


LCAS is designed to be as error free as possible. This section is 
intended to help the user through any known problems in im- 
plementation of circuits withing LCAS. User input can help to 
eliminate or explain additional problems in the future. 


Known problems are discussed below with possible solutions: 


1. Editing Problems - 
Cursor Control (Arrow) Keys do not perform as expected 


The [Num Lock], Number lock key may be set to produce num- 
bers instead of cursor functions. Try pressing the [Num Lock] 
key once to toggle the numbers mode off. 


Copying Components Yields Nodal Number Errors 


The components is the range copied from had nodal numbers 
which were discontinuous. In some cases this can lead to errors 
in computing the new node numbers. The solution is to be very 
careful when originally specifying node numbers. 
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Renumbering Components Yields Nodal Number Errors 


The only known problem here is shown in an example in Part 1, 
Example session two. When a negative renumbering increment 
is given with low node numbers, nodes may end up being tied to 
ground. 


2. Analysis Problems - 
Infinity Signs in Analysis Resutts. 


This is very rare when using the 8087 NDP so it is assumed that 
one is not present. If one is present, then the circuit probably 
has a description error, most likely in the node numbers. 


The software calculations use standard double precision 
routines which can handle numbers of approximately 10 to the 
plus or minus 37th power. This may seem large (and small) but 
linear matrix calculations can overflow or underflow. Rather 
than aborting the program, LCAS will show an overflow or un- 
derflow as an infinity sign and go on to the next step. 


The obvious solution is to utilize the 8087. Another possible 


solution is to normalize all the component values for another 
frequency range. Points very close to DC (as in microhertz), or 
at extremely high frequencies (for instance at greater than 10 
GHz) could also contribute to the problem. Unfortunately is is 
impossible to describe a method to scale component values for 
another frequency range as this is a function of the circuit 
design. 


The order of the nodes used in the calculations may be a deter- 
mining factor in the value of intermediate results which can 
over- or under-flow. For some circuits, simply renumbering the 
nodes may eliminate the problem. It is a good idea though to 
keep the input node the lowest number and the output node the 
highest number. 
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Appendix J PROBLEM LOCATOR 


3. Graphing Problems - 
Graph won't print on Printer 


The most likely cause of this is that your printer does not use the 
Epson standard graphics commands. If this is the case, the only 
solution is to use a "grab" program as supplied with some "paint" 
programs, to grab the graphic screen and print separately. 


If your printer does use the Epson graphics commands then 
check the port used and connections. Are you able to print 
graphics from other programs? 


Graph won't print on Screen 


The graphics routines in LCAS require a color/graphics or 
EGA adaptor to work. LCAS does not have to be configured 
for the graphic adaptor as it determines the presense of one it- 
self. 


LCAS does not work with "monochrome graphics" adaptors. 
There are programs available which allow a "monochrome 
graphics” adaptor to simulate a color/graphics adaptor. LCAS 
has not been tested with any of these programs. 


If you have a graphics adaptor and can’t get an output, make 
sure that your adapior does not require a special setup or con- 
figuration program before it will work. 
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@ 4. File Problems - 


File(s) Not Found 


The most common file problem is that a file or a type of file can- 
not be found. Check the "Set-Up" configuration for the four dif- 
ferent file types to verify the correct drive and path settings. See 
the notes in the Installation of Appendix H. 
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APPENDIX K 


GLOSSARY 


Analysis Criteria A description of the criteria for analyzing a 
circuit within LCAS. Includes the start and stop frequen- 
cies, number of data points, frequency increment mode 
and the circuit’s input and output nodes, 


Analysis Results Screen One of three screen in LCAS. Used 
to display the results of a circuit analysis and also the 
analysis criteria. Can be changed to by pressing the [F2] 
function key after an analysis is completed. 


CGA Color Graphics Adaptor. A monitor driver for the PC 
that allows display of both text and graphic information. 


Circuit File A disk file containing the description of a circuit 
including the list of components, component parameters, 
nodal connections and circuit analysis criteria. 


Component Screen One of three screen in LCAS. Used to 
display the component listing and connections plus the 
analysis criteria. The component screen is used to enter 
and edit circuit information. Can be changed to by press- 
ing the [F1] function key. 


Co-processor An adjunct to the micro-processor used in the 
computer. The most common type is called a Numeric 
Data Processor which handles mathematical functions for 
the main processor when requested by the program. 
LCAS can use a Numeric Data Processor and will speed 
up mathematical calculations by a factor greater than 7. 
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Cursor An on screen indicator of present input location. The 
cursor can take several forms in LCAS, either character or 
cell sized for text or numerical entry, or as dashed line 
markers on the graphic screen. 


Cursor Keys The keyboard set of keys with the four arrows 
designed to move the on screen cursor. Usually grouped 
around the numeric keypad. 


DOS Disk Operating System. The standard underlying execu- 
tive from which most other programs are run. Either PC- 
DOS or MS-DOS 2.0 or later must be operating before 
LCAS is invoked. 


Data File A disk file containing numerical data describing a 
frequency transfer function. The most common form is a 
data listing of the LCAS analysis results. 


Default The values chosen for optional parameters before or 
unless set by the user. These may be in DOS or in LCAS. 


Directory 1. That section of a disk containing a group of files 
under one name. Usually this refers to hard disk direc- 
tories. 2. The listing of files on the screen as when using 
the DOS "DIR" command or the LCAS "/FD" command. 


Dielectric constant The measure of the permittivity of an in- 


sulating substance. The common dielectric constant is a 
dimensionless ratio of the permittivity of the substance to 
that of free space. The relative dielectric constant of an in- 
sulator in a capacitor is the ratio by which the capacitance 
is increased when the dielectric material replaces a 
vacuum between the capacitors electrode plates. 


Drive A common term for one type of the mass storage device 
used in computers. Refers to a floppy or hard disk drive. 
Drives are named and referred to by DOS by their desig- 
nated letter followed by a colon, beginning with A:, B:, etc. 
The C: drive is normally the computer’s hard disk. 
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Appendix K GLOSSARY 


EGA Enhanced Graphic Adaptor. A CRT monitor driver 
board for the PC with higher possible resolution than the 
standard Color Graphics Adaptor. 


Engineering Notation A numeric representation wherein a 
number is shown as a mantissa between 0 and 999 and its 
exponent. The exponent increments in 3s corresponding 
to the engineering multipliers (Kilo-, Mega-, Giga-, etc). 


FFT File A disk file which can be generated by LCAS. The file 
contains frequency transfer function information in rec- 
tangular coordinate format refering to a Fast Fourier 
Transform. This file type is intended for use with separate 
Fast Fourier Transform programs. 


File A collection of data usually contained on a floppy or 
hard disk. Files are used by LCAS to store circuit infor- 
mation and analysis results. 


Function Keys The group of keys on the left or above the 
main letter keys on the keyboard with the "F" label, for 
function. They range from F1 thru F10 or F12 depending 
on the type keyboard. 


Graph Screen One of three screen in LCAS. Used to display 
analysis results or data file information in graphic format. 
Can be changed to by pressing the [F3] function key after 
a graph is completed. 


Linear Circuit Analysis The computation of a linear circuits 
frequency transfer function (magnitude and phase charac- 
teristics as a function of frequency). LCAS performs an 
analysis of the complex coefficients of multiple simul- 
taneous equations. The equations represent the admittan- 
ces of components connected to each node 


Microstrip In electronics a microstrip is a form of transmission 
line built onto a physical structure. The microstrip consists 
of a strip of conductor above a ground plane, separated by 
a dielectric material. It is often a copper trace on a printed 
circuit board with well controlled characteristics at the in- 
tended frequency of use. 
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Node A connection point in a circuit where two or more com- 
ponents are connected together. Represented in LCAS 
by a unique number. 


Parallel interface A connection from the PC to a Parallel 
device. The common parallel devices in use are most 
printers, and some plotters. DOS names parallel inter- 
faces LPT1:, LPT2:, etc. 


Path The routing thru the disk file directories to a given sub- 
directory or file. 


PCB or Printed Circuit Board The composite board on 
which a circuit is finally built. LCAS can simulate some of 
the circuit board parameters for traces used as transmis- 
sion lines. 


Q Factor or Figure of Merit A representation of the quality 
or figure of merit of a component. The Q of a component 
is equivalent to 1/dissipation factor. 


Scientific Notation A numeric representation wherein a num- 
ber is shown as a mantissa between 0 and 1 and its ex- 
ponent. 


Serial Interface A connection from the PC to a serial device. 
The common serial devices in use are daisy wheel printers, 
mice and modems. The common serial interface adheres 
to a standard known as RS-232. DOS names serial inter- 
faces COM1:, COM2:, etc. 


Text File A disk file containing information in a form that 
could be sent directly to a printer. Information in the text 
file is separated into "cells" as it appears on the video 
screen with line charaters replaced by ascii dashes, equal 
signs and "|" symbols. Text files can be either "circuit" or 
"analysis results". Graphic bit-map files are also referred 
to as text files. 


Transversal Filter A class of filter that is based on delay ele- 
ments as the only frequency dependant components. 
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APPENDIX X 


USER SUPPORT PLAN 


DATUM Systems has attempted to keep the cost of LCAS very 
low. We hope this will encourage the use and spread of LCAS, 
but does not leave much money for advertising. We also have 
not used copy protection for your convenience. That is why a 
copy of the demonstration program is included with the pur- 
chase of this program. Please feel free to give copies of the 
demonstration program to others who may be interested in 
LCAS. 


DATUM Systems offers the following incentives to registered 
purchasers of LCAS: 


1. Low cost updates to future versions of the program. 
Registered users will receive information on updates 
and related new programs via mail. 


High quality documentation. 


3. Technical assistance on operation of the LCAS 
program at our office number, 10:00AM to 5:00PM 
PST, Monday to Friday. Sorry, we cannot help you 
design circuits though. 

The Phone Number for technical assistance is: 


(408) 988-0858 


Registration 


If this program was purchased directly from DATUM Systems 
then you are already registered, but please fill in and mail the 
registration form as confirmation. If the program was purchased 
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from a vendor or third party, you should fill in and mail the User 
Registration Card in the rear of this manual to receive informa- 
tion on future updates. If no card is present, mail your name, 
address and the serial number of your copy of the program to 
DATUM Systems. The serial number is displayed when you 
"Quit" LCAS, but before confirming with "Y". 


If you move and wish to still receive information on updates, 
either write or call to notify us of your new address. 


Corporate and Multi-Copy Users 


Datum Systems also offers the same incentives to corporate and 
other multi-copy users of LCAS. Purchasers of multiple copies 
of LCAS will also receive a discount on the schedule below for 
purchases made on one order at one time only. That is: 

10% discount at 5 to 9 copies 

15% discount at 10 to 19 copies 


20% discount at 20 copies or more 
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Non-letter characters 


+ oo in analysis results, J-2 


[D, 2-22 

[FC, 2-6, 2-39 
[ED, 2-29, 2-33, 2-36 
[FE, 2-32, 2-37 
/FL, 2-33 
[EM, 2-35 
[EN, 2-38, 2-67 
[ES, 2-31 

1G, 2-48 

/GG, 2-64 
/GN, 2-60 
/GO, 2-62 
/GS, 2-54 
/GV, 2-49 

[P, 2-67 

/PD, 2-74 
/PF, 2-76 

/PP, 2-69 

PT, 2-72 

/Q, 2-5 

/R, 2-23 

/S, 1-22 

ISC, 1-22 

ISD, 1-23 

SE, 1-26 

ISP, 1-24 

(SU, 1-26 


DATUM Systems Index-1 


LCAS User’s Manual Version 2 


8087 co-processor, 1-22 
8087/80287 

® Precision, 1-5 
Speed, 1-5 


A 


a, ato, 2-9 
Add, graph option, 2-60, 2-62, 2-65 
Alt-Ctrl-Break, 1-15 
Alt-Ctrl-Del, 1-15 
Analysis, 2-40 - 2-41, 2-43, 2-45 
Errors, 2-42 
Example, 1-33 
Expanded, 2-44 
Analysis criteria, 2-24 - 2-25, 2-27 
Analysis files 
Format, G-3 
Area command, 1-47, 2-57 


B 


Backup 
See Installation 
Balanced Stripline, 3-10 - 3-11 
Batch files 
See Installation 
Buffers, Last and Present, 2-52 


C 


Capacitor, 3-13 

Circuit analysis, 2-40 - 2-41, 2-43, 2-45 

Circuit criteria, 1-58, 2-24 

Circuit files, 2-28 - 2-29, 2-31, 2-33, 2-35, 2-37, 2-39 
Clearing from memory, 2-39 
directory, 1-28, 2-29 
Erasing, 2-37 
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Format, G-2 
Loading, 1-28, 2-33 
Loading, example, 1-28 
Loading, simplified, 2-30, 2-33 
Merging, 2-35 
Naming, 2-38 
Naming, example, 1-57 
Saving, 2-31 
Saving, example, 1-58 
Simplified loading, 1-30 
Circuit modification, 2-15, 2-17, 2-19, 2-21, 2-23 
Clearing circuit files, 2-39 
Co-processor, setup, 1-22 
Coaxial Line, 3-15 
Colors, graph, 1-36 
Commands 
Analysis, 2-40 
Area, 1-47 
Escape key, 1-20 
Graph, 2-48 
Issuing, 1-19, 2-4 
@ Print, 2-69 
Reference, 2-2 
Structure of, 2-4 
Summary of, 4-2 
Component 
Copying, 2-21 
Deletion, 2-22 
Direct modification, 2-16 
Entry, 2-6 
Insertion, 2-18 
Menu, 2-7 
Modification, 2-15 
Screen, 1-17 
Selection, 2-7 
Component change, example, 1-38 
Component files 
} Format, G-2 
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Component Screen 

Circuit criteria section, 1-18 

Circuit description section, 1-18 

Command section, 1-18 

Described, 1-17 

See also Display screens 
Components 

Modeled, 2-12 

PLL, 2-13 
Configuration 

Co-processor, 1-22 

Default Drive, 1-23 

Exit, 1-26 

Printer, 1-24 

Printer port, 1-25 

Printer string, 1-24 

Update, 1-26 
Configuring LCAS, 1-22 
Copy protection, I-ii, 1-9, H-1 
e Copying components, 2-21 

y’ Crystal filter, example, F-7 

Crystal, modeling, F-7 
Cursor Control, 1-31 


D 


Data File 
Directory, 2-64 
example, E-9 
Format, 2-66, G-4 
Graphing, 2-64 
Loading, 2-64 
Output to, 2-74 
Data Points, 2-25 
Default Drive 
See Configuration 
oO Delay example, F-13 
/ Delay Line, 3-17 
Delay response, 2-27, 2-55 
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Deleting components, 2-22 
Example, 1-61 
Directory 
Circuit files, 2-29 
Data files, 2-64 
Problem, J-4 
Directory, disk, 1-28 
Disk drives 
Hardware requirements, 1-7 
Display screens, 1-6, 1-17 
Analysis results, 1-6 
Component screen, 1-6 
Graphic, 1-6 
Divide by N, 3-19 


E 


EGA display 
See Hardware requirements 
Elliptical filter example, F-6 
Entry 
Circuit criteria, 1-58 
Component, 2-7 
Values, 2-8 
Epson FX printer, 1-14 
Erasing files, 2-37 
Error messages, I-1 
Errors in analysis, 2-42 
Escape key "Esc", 1-20 
Expanded analysis, 2-44 
Expanded analysis, example, 1-41 
Extensions, file name, 2-68 


F 


f, femto, 2-9 

F1 function key, 1-36, 2-6 
F2 function key, 1-34, 1-36 
F3 function key, 1-36 
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F4 function key, 2-69 
FS function key, 1-33 
F6 function key, 1-35, 2-49 
F7 function key, 1-58, 2-31 
F8 function key, 2-33 
F9 function key, 1-30, 2-29, 2-33 
F10 function key, 1-21, 2-5, 2-29 
FET, 3-21 
FET, modeling, 3-22 
FFT file 
Format, G-8 
FFT files, 2-76 
Files 
Circuit, 2-28 - 2-29, 2-31, 2-33, 2-35, 2-37, 2-39 
Clearing, 2-39 
Data, 2-74 
Directory, 2-29 
Erasing, 2-37 
Extensions, 2-68, G-1 
| FFT, 2-76 
®) Formats, G-1 
Loading, 2-33 
Merging, 2-35 
Naming, 2-38 
Saving, 2-31 
~ Text, 2-72 
Frequency 
Start, 2-24 
Stop, 2-25 
Function key 
as commands, 1-20, 2-4 
Function keys 
F10, 1-22 
FX-EPSON.INT, 1-14 
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G, Giga, 2-9 
Graph 
After initial, 2-51 
Initial, 2-49 
Markers, 2-55 
Menu, 2-48 
New, Add and Subtract, 2-60 
of data files, 2-64 
Options, 2-54 
Overlay, Add and Subtract, 2-62 
Overlay, example, 1-39, 1-60 
Problem, J-3 
Scale mode, 2-54 
Graph data souces, 2-51 
Graph markers, example, 1-37 
Graphic bit-map files 
format, G-3 
Graphics and Plotting, 2-46 - 2-47, 2-49, 2-51, 2-53, 2-55, 2-57, 2- 
59, 2-61, 2-63, 2-65 
Graphics screen, 2-50 
Graphing, example, 1-35 


H 


Hardware requirements, 1-7 
Computer, 1-7 
Disk drives, 1-7 
Display, 1-7 
Printer, 1-8 
RAM, 1-7 

Highlighting 

Menu, 1-19 
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I 


Impedance 

Measuring, E-3 

Source and termination, 1-51, E-3 
Inductor, 3-23, 3-25 

Mutually coupled, 3-50 

Tapped, 3-51 
Infinity signs in results, J-2 
Input node, 1-51, 2-24 
Insert mode, 2-18 
Insertion of components, 2-18 
Installation, 1-9, 1-11, 1-13, 1-15 

Batch files, 1-10 

Notes, H-1 

Working copy, 1-10, H-2 
INSTFLOP, batch file, 1-11 
INSTHARD, batch file, 1-11 
Integration of power, 2-57 


J 


J itter, phase, 1-47, 2-59 
Jitter, phase measurement, D-24 


k, kilo, 2-9 


Last buffer, 2-52 
LCAS.EXE file, 1-10, H-2 
LCAS.INT file, 1-10, H-2 

Not found, 1-26 
Linear sweep, 2-25 
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Loading circuit file, example, 1-29 

Lock-up, 1-15 

Logarithmic sweep, 2-25 

Loop Amplifier, 3-26 - 3-27 
Modeling, D-13 


M 


M, Mega, 2-9 
m, milli, 2-9 
Manual scales, example, 1-43 
Markers, graphic, 1-37 
Memory resident programs, 1-15 
Memory, clearing, 2-6 
Menu, 1-20 
Menvw/prompt line, 1-18 
Merging circuit files, 2-35 
micro, u, 2-9 
Microstrip Line, 3-28 - 3-29 
Mode 

Scale, graphic, 2-54 

Sweep, 2-25 
Modeled components, 2-12 
Modification of components, 2-15 
Multipliers, 2-9 
Mutually coupled inductors, 3-50 


N 


n, nano, 2-9 
Naming circuit files, 1-57, 2-38 
Naming output data, 2-67 
New graph, 2-60 
Node 
Input, 1-51, 2-24 
Output, 1-51, 2-24 
Nodes 
Internal, 2-41 
Representation, 1-49, 1-51 
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Noise power, 2-56 
@ Noise power, example, 1-45 
Non-linear sweep, 2-25 
Notations used 
Manual notations, I-v 
Number of data points, 2-25, 2-27 


0 


Open Stub 
OT-Line, 3-31 
Operational Amplifier 
Op-Amp, 3-33, 3-35 
Typical parameters, 3-34 
OTA, modeling, 3-35 
Output 
Data File, 2-74 
Text File, 2-72 
to printer, 2-69 
Output node, 1-51, 2-24 
Outputting data, 2-67, 2-69, 2-71, 2-73, 2-75, 2-77 
Overlay graph, 2-62 
Overlay Graph, example, 1-60 


P 


Pp, pico, 2-9 
Path names, H-3 
Phase Detector, 3-37 
Modeling, D-8 
Phase jitter, 1-47, 2-59 
PLL 
1st order, D-13 
2nd order, D-2, D-14 
3rd order, D-16 
Charge pump, D-15 
Connections, D-2 
Jitter, D-24 
Loop amplifier modeling, D-13 
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PLL (continued) 
Loop delay, D-7 
Loop tracking, D-21 
Open loop, D-5 
Phase detector modeling, D-8 
Phase modulation, D-3 
Spurious rejection, D-19 
Spurious signal, D-4 
Stability, D-5, D-17 
Power supplies, modeling, E-6 
Present buffer, 2-52 
Printer 
See also Configuration 
Epson FX type, fonts, 1-14 
Graph problem, J-3 
See Hardware requirements 
Printer output, 2-69 
Printer port 
See Configuration 
Problem locator, J-1 


Q 


Q, capacitor, 3-14 

Q, figure of merit, 2-10, 3-6 
Q, in expanded analysis, 2-45 
Q, inductor, 3-24 

Quitting LCAS, 1-21, 2-5 


R 


RAM 
See Hardware requirements 
REF =, mark on graph, 1-36 
Registration, user, X-1 
Renumbering nodes, 2-23 
Example, 1-63 
Resistor, 3-38 
Return loss, measuring, E-1 
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Running LCAS 
See Starting LCAS 


S 


Saving 
Circuit files, 2-31 
Scale mode, 2-54 
Scaling output levels, E-4 
Serial number, 1-21 
Set-Up command, 2-5 
Set-up string, Printer, 1-24 
Shorted Stub 
ST-Line, 3-39 
Slash Character °/", 1-20, 2-4 
See also Commands 
Source impedance, 1-51 
Special components, 2-12 
Splitter example, F-14 
ae Start frequency, 2-24 
Starting LCAS, 1-16 - 1-17, 1-19, 1-21, 1-23, 1-25 
Stop frequency, 2-25 
Subtract, graph option, 2-61, 2-63, 2-65 
Summary of Commands, 4-2 
Sweep mode, 2-25 


T 


T, Tera, 2-9 
Tapped inductor, 3-51 
Termination impedance, 1-51 
Transformer 
Modeling, 3-49 
X-Former, 3-48 - 3-49, 3-51 
Transistor, 3-41, 3-43 
Modeling, 3-43 
e Typical parameters, 3-42 
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Transmission Line 
Filter example, F-4 
Special components, 2-12 
T-Line, 3-44 - 3-45 
Transversal filter, example, F-9 


U 


u, micro, 2-9 


Update 
See Configuration 


V 


VCXO example, F-11 

Velocity factor, 3-16 

Version number, 1-21 

Voltage Controlled Oscillator 
VCO, 3-46 - 3-47 
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